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Abstract 
Introduction: The morbidity and mortality of congenital heart diseases, as 
well as the process of its diagnosis, is a worldwide problem. This becomes even 
more severe in developing countries, where the shortage of skilled professionals 
and structural problems in health care are a constant. With the increasing use of 
internet and information and communication technologies, the distance 
learning – e-learning – has emerged as the online resource to meets these 
capacitation needs and therefore provides new skills and new knowledge to 
health professionals at a lower cost and without requiring a high degree of 
computer knowledge. 
Objective: To develop and evaluate an e-learning course via Moodle for 
neonatal screening of congenital heart diseases given the need for training of 
health care professionals from 20 hospitals linked, via telemedicine, to the 
Maternal-Fetal Cardiac Unit at the Royal Portuguese Hospital in Recife.  
Methods: The sample consisted of 62 health professionals, including 
doctors, nurses and internship medical students. We evaluated the knowledge 
before and after the course. At the end of the course was used a satisfaction 
questionnaire. 
Results: The results revealed differences between the scores in the 
knowledge assessment before and after the course delivered via e-learning (Z = 
-4,788; p = 0,000). The results indicated high satisfaction values (μ = 86,8%; 
σ = 12,2%; minimum = 66,7%; maximum = 100,0%). The course adherence 
was high (79,03%), however the withdrawal witnesses a value of 38,78%, with 
the highest rate in the early chapters. The proportion of learning reveals 
significant differences according to profession (Chi-Square = 6,529; p = 0,038) 
and with the specialty (Chi-Square = 9,581; p = 0,022). 
Conclusions: The main contributions of this study are related to the 
creation of an asynchronous e-learning course on Moodle and to the acquisition 
of knowledge based on the difference found before and after the course, 
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confirming that the e-learning is a viable technology for continuous education 
and training in the context of neonatal screening of congenital heart diseases. 
 
Keywords: e-learning, neonatal screening, congenital heart diseases.   
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Resumo 
Introdução: A morbilidade e mortalidade das cardiopatias congénitas, bem 
como o seu processo de diagnóstico, são um problema mundial. Esta realidade 
torna-se ainda mais crítica nos países em desenvolvimento, onde a escassez de 
profissionais qualificados e os problemas estruturais na área da saúde são uma 
constante. Com o aumento do uso da internet e das tecnologias de informação 
e comunicação, o ensino à distância – e-learning – emergiu como o recurso que 
visa atender a essas necessidades e, portanto, fornecer novas competências e 
novos conhecimentos aos profissionais de saúde a um menor custo e sem a 
necessidade de um alto grau de conhecimentos de informática. 
Objetivo: Desenvolver e avaliar um curso e-learning via Moodle para a 
triagem neonatal das cardiopatias congénitas, em virtude da necessidade de 
formação de profissionais de saúde em 20 hospitais interligados, via 
telemedicina, na Rede de Cardiologia Pediátrica Pernambuco-Paraíba, com a 
Unidade de Cardiologia e Medicina Fetal do Real Hospital Português de 
Beneficência de Pernambuco, em Recife.  
Metodologia: Participaram neste estudo 62 profissionais da área da saúde, 
nomeadamente, médicos, enfermeiros e médicos internos. Foi avaliado o 
conhecimento antes e após o curso. No final do curso foi utilizado um 
questionário de satisfação.  
Resultados: O resultados revelam diferenças entre a pontuação na 
avaliação de conhecimentos antes e após o curso ministrado via e-learning (Z = 
-4,788; p = 0,000). Os resultados indicam ainda elevados valores de satisfação 
(µ = 86,8%; σ = 12,2%; minimum = 66,7%; maximum = 100,0%). A adesão ao 
curso foi elevada (79,03%), contudo a desistência regista um valor considerável 
(38,78%), com maior índice nos primeiros capítulos. A proporção de 
aprendizagem revela diferenças estisticamente significativas de acordo com a 
profissão (Chi-Square = 6,529; p = 0,038) e com a especialidade (Chi-Square = 
9,581; p = 0,022).
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Conclusões: As principais contribuições deste estudo prendem-se com 
criação de um curso assíncrono e-learning no Moodle, e estão relacionadas com 
aquisição de conhecimentos relativa à diferença encontrada antes e após o 
curso, que confirma que o e-learning é uma tecnologia viável para a formação 
contínua e capacitação no contexto da triagem neonatal de cardiopatias 
congénitas. 
 
Palavras-chave: e-learning, triagem neonatal, cardiopatias congênitas. 
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Introduction  1 
1.  Introduction 
This initial chapter outlines the research problem and question, the 
objectives proposed, its structure and the contributions that this work can bring 
to the state-of-the-art of this field. 
1.1. Research problem 
Congenital Heart Diseases (CHDs) are structural heart defects present at 
birth, which represent the majority of serious congenital anomalies in neonates. 
They occur approximately in 8 per 1000 live births, and are a major cause of 
babies’ morbidity and mortality (J. Hoffman, 2013). Since this number requires 
the actual identification that a CHD is present, it is possible that in the 
developing countries their numbers are bigger than what is described in medical 
literature, given our lack of ability to properly assess populations. 
The transthoracic echocardiogram, a specialized form of ultrasound, is the 
elected exam for the diagnosis of CHD. Pediatric cardiologists usually perform 
this examination, but they are often concentrated in larger urban centers, 
hindering a wide spread population early diagnostic and causing a need for 
constant transferral of patients from the isolated regions to reference heath 
centers. 
In Brazil, the Rede de Cardiologia Pediátrica (RCP), is a pediatric cardiology 
network established as a result of a partnership between Paraíba government 
and Círculo do Coração (CirCor) a civil non-profit organization, formed by 
members of the Unidade de Cardiologia e Medicina Fetal (UCMF) a cardiology and 
fetal medicine unit, at the Real Hospital Português (RHP) a private hospital in 
Recife (https://www.circulodocoracao.com.br/). 
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This Brazilian team argues that the involvement of neonatologists1 in the 
diagnosis stream is advantageous for the screening of CHDs in remote regions. 
Besides having more experience with physical examination and 
pathophysiological processes in neonates, neonatologists are also responsible 
for hospital discharges.  
Therefore, the CirCor team instructs neonatologists, from the participant 
locations, in performing a screening echocardiogram under online supervision 
by a pediatric cardiologist. 
The CirCor works in Pernambuco since 1994. The RCP was created because 
of the need to expand the care of fetuses, newborns and children of the public 
health system to their northern neighbour State, Paraíba, that has 56 469 778 
km² and 3 914 418 habitants. This was accomplished by telemedicine 
supervision. The RCP initiated with 12 maternity centers and has now 
expanded to 20 in 16 different municipalities, which are: Princeza Isabel, Sumé, 
Catolé do Rocha, Itabaiana, Pombal, Santa Rita, Cajazeiras, Sousa, Itaporanga, 
Patos, Monteiro, Esperança, Picuí, Guarabira, Campina Grande and the capital 
city, João Pessoa. 
The health professionals from CirCor team connect daily with these 20 
maternity units for screening, diagnosis, therapeutic and management of 
fetuses, newborns and children with respect to CHD, totalling more than 80 
professionals involved. One pediatric hospital is also part of RCP where 
children undergo clinical and surgical treatment. The CirCor team travels once a 
week to perform procedures in Paraíba and all other activities are supervised via 
telemedicine. 
The acronym LEGO Network has been applied to define its work model, 
which is based on Leadership, Empowerment, Grouping and Optimization of 
Services. Educational and training programs are, thus, essential to the RCP’s 
own existence, as knowledge transferral is central to its model of work. RCP 
professionals need to exchange experiences and acquire theoretical and 
technical competences in cardiac anatomy, hemodynamics, ultrasound and 
echocardiographic screening of cardiac defects that can endanger the life of a 
neonate after discharge. Besides this educational need, it is worth mentioning 
several others, like the availability of learning resources and a greater 
convergence of information, without interference in the work routine. Another 
                                                      
1 Neonatology - is a specialty of pediatrics that deals with children from birth to 28 
days of age, time from which the newborn are now called infants 
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inherent element is the cost related to the training, such as travel expenses, 
lodging, and registration fees for events, including congresses and conferences. 
With the increasing use of internet information and communication 
technologies, the electronic learning – e-learning – has emerged as the online 
resource to meets these needs, providing new skills and new knowledge to 
health professionals at a lower cost and without requiring a high degree of 
computer knowledge. 
1.2. Research question 
Under the above context, the research question for this work is whether an 
e-learning course improves the knowledge of health professionals working in 
neonatal intensive care unit about neonatal screening of CHDs. 
1.3. Objectives 
The objectives of this work include the transmission and understanding of 
theoretical concepts in an introductory approach to neonatal echocardiography 
for neonatal screening of CHDs, given the need for training health care 
professionals working in neonatal intensive care units from 20 hospitals linked, 
via telemedicine, to UCMF at the RHP in Recife.  
The proposal is to: 
− Develop an e-learning tool; 
− Evaluate the educational impact of this e-learning tool; 
− Assess the users’ satisfaction with this e-learning tool. 
1.4. Thesis structure 
The thesis is organised in seven chapters and outlined as follows: 
Chapter two – presents basic pediatric cardiology concepts, the relevance 
of echocardiography as a technique for neonatal screening of CHD and the 
neonatologist’s role in this process; 
Chapter three – describes e-learning as a new trend of education as well as 
its advantages and challenges and exposes the state of the art about e-learning 
systems for medical education and how to assess and evaluate them; 
Chapter four – presents the study design and implementation 
4  Introduction 
 
Chapter five – reports the results of the implementation; 
Chapter six – discusses the results attained and some research limitations 
of this work; 
Chapter seven – presents the main findings and proposes some 
recommendations and directions of future work. 
1.5. Research contributions 
In this thesis we contributed to this field by describing the creation of a new 
Moodle-based e-learning course, pedagogically guided by the contents and 
structure of a relevant reference book written by the MD, PhD. Sandra Mattos 
(Mattos, 2004). For this purpose applied this course to health professionals 
with different profiles that work in neonatal intensive care units and evaluated 
results using best practices described in literature. Despite a few limitations 
identified in Chapter 6, we consider that by interplaying directly with a real 
environment, where learners have their own agenda and priorities, we obtained 
a set of quite interesting results, leading to the findings and recommendations 
describe in Chapter 7. 
 
Scientific contributions: 
 
1. Oliveira, A. C.; Coimbra, M.; Mourato, F. A.; Mattos, S. S. - Criac ̧ão 
de um curso digital básico de triagem neonatal de cardiopatias 
congênitas utilizando plataforma aberta. Poster. In XXIII 
Congresso Brasileiro de Cardiologia e Cirurgia Cardiovascular 
Pediátrica, V Fórum de Cardiopatias Congênitas no Adulto, II 
Fórum de Cardiologia Pediátrica Intervencionista, XV Curso 
Internacional de Cardiologia Fetal, IX Encontro de Medicina Fetal 
do Mercosul e I Fórum Multidisciplinar em Cardiologia e Cirurgia 
Cardiovascular Pediátrica; 29 Novembro 2014; Porto Alegre, Brasil. 
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2. Basic concepts for neonatal 
echocardiography screening 
This chapter presents basic pediatric cardiology concepts, the relevance of 
echocardiography as a technique for neonatal screening of CHD and the 
neonatologist’s role in this process. 
2.1. Congenital Heart Diseases 
Congenital Heart Diseases (CHDs) are structural heart or intratoracic great 
vessels defects present at birth, that are potentially of functional significance 
(Mitchell, Korones, & Berendes, 1971). 
It is estimated that 8% of cardiac malformations are due to genetic factors, 
2% are due to environmental agents, but most are due to multifactorial causes 
whether genetic or environmental (Sadler & Langman, 2012). 
In newborns, CHDs can be detected by auscultation, pulse oximetry, x-rays, 
catheterization but the echocardiogram is the elected exam for diagnosis. 
According to severity CHD can be classified into simple or complex. Simple 
CHDs do not require immediate invasive treatment, but careful follow-up is 
indicated (Amorim et al., 2008). Some CHDs demand medication, such as 
diuretics or prostaglandin infusions for palliated treatment. Critical CHDs by 
definition require open chest surgery or catheter intervention in the first year of 
life (Mahle et al., 2009). 
According to the American Heart Association (AHA, 2014) at least 18 
distinct types of CHD are recognized, with many additional anatomic variations 
(Table 1). 
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Table 1 - List of Congenital Heart Diseases 
Aortic Valve Stenosis  Pulmonary Valve Stenosis 
Atrial Septal Defects  Single Ventricle Defects 
Coarctation of the Aorta  Tetralogy of Fallot 
Atrioventricular Septal Defects  Total Anomalous Pulmonary Venous 
Connection 
Dextro Transposition of The Great 
Arteries 
Truncus Arteriosus 
Ebstein's Anomaly Ventricular Septal Defect 
Levo Transposition of The Great 
Arteries 
Tricuspide Atresia 
Patent Ductus Arteriosus Mitral Stenosis 
Pulmonary Atresia   
 
In terms of its basic composition structure, the heart has three building 
blocks, namely the atriums, the ventricles, and the arterial trunks or great 
vessels. CHDs are defects on the morphology of these cardiac components, the 
way they are or are not connected together (Anderson & Shirali, 2009). 
The different types of CHD can be generally categorised is three groups: 
CHDs with left-to-right shunt, obstructive CHDs and complex CHDs (Mattos, 
2004). 
Left-to-right shunting occcurs when the blood flows from the systemic 
circulation to the pulmonary circulation (Mattos, 2004). In this group these are 
the defects: patent ductus arteriosus, atrial septal defects, ventricular septal 
defects, complete atrioventricular canal defect. These are the most common 
CHDs which may cause, in the presence of a significant left-to-right shunt, 
chronic volume overload of the heart and lead to the development of 
pulmonary arterial hypertension (R. J. Sommer, J. F. Hijazi Zm Fau - Rhodes, 
Jr., & J. F. Rhodes, Jr., 2008). 
The obstructives acyanogenic CHDs are: aortic valve stenosis, coarctation 
of aorta and pulmonary valve stenosis. These defects are obstructions of 
systemic or pulmonary venous return (Rhodes, Hijazi Zm Fau - Sommer, & 
Sommer, 2008). Tetralogy of Fallot is also an obstructive CHD, but is 
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cyanogenic, because of its four cardiovascular alterations: subpulmonary 
stenosis, ventricular septal defects, overriding aorta and hypertrophy of the 
right ventricule, that causes higher pressure on the right side of the heart 
(Sadler & Langman, 2012).  
The complex CHDs create some of the most interesting and severe changes 
in the normal physiology of the heart due to a complex interplay between a 
combination of shunts, obstructive lesions, chamber hypoplasia, and abnormal 
arterial and venous connections (R. J. Sommer, J. F. Hijazi Zm Fau - Rhodes, & 
J. F. Rhodes, 2008). Transposition of the great arteries, truncus arterious, 
tricuspid atresia, total anomalous pulmonary venous connection, ebstein's 
anomaly, single ventricle defects are exemples of these complex CHDs 
associated or not to life-threatening symptoms. 
 
Newborns with CHDs can be asymptomatic although, the main physical 
findings (signs and symptoms), in the neonatal period, are: cyanosis2, 
tachy/dyspnea3, murmurs and cardiac arrhytmias (Araújo et al., 2014; F, JA, 
PH, & LS, 2002). Cyanosis indicates a right obstructive with septal defect, a 
circulation in parallel or a persistence of the fetal pattern of the pulmonary 
circulation; congestive heart failure, suggests congenital obstructive left heart 
disease with a large left-to-right shunt; and when the newborn presents cyanosis 
and CHF we should suspect of a complex CHD; murmurs are left-to-right 
shunt with low hemodynamic effect or obstructive CHD without septal defect. 
 
About 3% of all babies are born with a birth defect, that is a congenital 
malformation/anomaly due to structural, functional, behavioral or metabolic 
disorders (Sadler & Langman, 2012). 
CHDs are the most common cause of major congenital anomalies (Ma & 
Huang, 2013; Denise van der Linde et al., 2011). Nearly 28% percent of all 
major congenital malformations consist of CHDs (Dolk, Loane, & Garne, 
2011). Therefore, CHDs are a global health problem, contributing significantly 
to neonatal mortality and morbidity (Egbe, Uppu, Lee, Stroustrup, et al., 2014; 
J. I. Hoffman & Kaplan, 2002; Wren, Richmond S Fau - Donaldson, & 
Donaldson, 2000). A systematic review pointed to 223 000 deaths globally in 
2010 down from 278 000 deaths in 1990 caused by CHDs (Lozano et al., 2012). 
                                                      
2 Cyanosis - a bluish or purplish appearance of the skin or mucous membranes due 
to the tissues near the skin surface having low oxygen saturation. 
3 Tachy/dyspnea - a subjective experience of breathing discomfort that consists of 
qualitatively distinct sensations that vary in intensity (tachy - 60 breaths per minute) 
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The prevalence of CHDs is known to vary across populations and over time 
(J. I. Hoffman & Kaplan, 2002; Khoshnood et al., 2013).  
A recent metanalysis reported that, over the last century, the prevalence of 
CHDs increased, reaching a stable estimate of 9 per 1000 live births in the last 
15 years (D. van der Linde et al., 2011). 
Estimates on the prevalence of CHDs depend on the CHD definition used 
in each study (Garne et al., 2012). That is why epidemiologic studies may have 
different and even conflicting results (J. I. Hoffman & Kaplan, 2002). Factors 
such as the inclusion of defects, which may be overvalued or go undetected on 
physical examination, and the age of the population studied, vary widely across 
the existing studies (Rivera et al., 2007). Therefore, international consensus on 
how to define CHD in epidemiological studies would potentially improve the 
validaty and comparability of studies on CHD prevalence and mortality (Garne 
et al., 2012). 
 
The verified increased prevalence of CHD worldwide is due to the 
availability, the evolution, and the increased practice of the echocardiography 
technique (Garne et al., 2012; Huber et al., 2010).  
Mainly mild CHDs increased (Egbe, Uppu, Lee, Ho, & Srivastava, 2014), 
due to mistakenly coding these newborns as having a cardiac malformation 
without having a true CHD. Newborns, especially the preterm ones, have 
persistant fetal circulation, so they will per se have defects such as a PDA or an 
ASD diagnosed. So, mild defects such as PDA and ASD should only be 
considered as CHD if these defects are still open 2 months after birth (Garne et 
al., 2012). 
 
Studies conducted in Brazil that evaluated prevalence of CHD in live births 
identified a ratio of 5,5 per 1000 live births between 1889 and 1998 in Paraná 
State (Guitti, 2000), 9,6 per 1000 live births between 1990 and 2003 in the state 
of Minas Gerais (Amorim et al., 2008) and approximately 13,2 per 1000 live 
births between 1999 and 2000 in the maternity ward of the University Hospital 
of UFAL (Rivera et al., 2007). 
Logically, the burden of CHD falls most heaviliy on low-and middle-income 
countries (LMIC) and the highest fertility rates (J. Hoffman, 2013). Although, 
in Brazil, in the state of Paraíba, between 2001 and 2011, a ratio of only 4 
CHDs per 1000 live births was registered (Araújo et al., 2014). This may be due 
to undiagnosed CHDs. Studies have shown that between 10-30% of babies 
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who die from CHD do not have their condition diagnosed before autopsy (de-
Wahl Granelli et al., 2009; Ng & Hokanson, 2010; Wren, Reinhardt Z Fau - 
Khawaja, & Khawaja, 2008). Therefore, early detection through newborn 
screening potentially can improve the outcome of CHDs (Knowles et al., 2005). 
 
In summary, we can understand that the importance of CHDs and the need 
to screen them very early, associated with high fertility rates and the lack of 
capable health professionals in low-and middle-income countries motivates the 
need to create cheap effective capacitation tools for addressing this problem. 
2.2. Echocardiography 
There are no doubts about the importance of echocardiography for the 
diagnosis of CHD (Huber et al., 2010; Tubman, Shields, Craig, Mulholland, & 
Nevin, 1991). 
Before the era of echocardiography, detection of CHD was dependent on 
autopsy reports, death certificates, physical examination, x-rays, catheterization, 
and surgical reports, making treatment irrelevant or highly expensive and risky. 
In the 1970s, echocardiography was widely introduced into clinical practice, 
making it possible to also diagnose asymptomatic patients as well as patients 
with mild defects (J. I. Hoffman, 1990; Denise van der Linde et al., 2011). 
The echocardiography or cardiac ultrasound is the most widely used imaging 
technique in pediatric cardiology clinical practice. It allows comprehensive 
evaluation through visualization of both cardiac and vascular anatomy, function 
and physiology in real time (Abdullah, 2012; Evangelista et al., 2008). 
Furthermore, the amount and quality of the information provided makes it the 
chosen technique for diagnosis and follow-up of most CHDs (Cheitlin et al., 
2003; Evangelista et al., 2008; Gottdiener et al., 2004; Wagner et al., 2013). This 
evolving technique has broadening applications throughout both medical and 
surgical practice (Price et al., 2008). It made it possible to decrease the severe 
CHD prevalence due to increased termination of fetuses with prenatally 
diagnosed CHD (Egbe, Uppu, Lee, Ho, et al., 2014).  
Besides that, echocardiography is usually performed to exclude CHD or to 
estimate pulmonary pressure in newborns with circulatory or respiratory failure 
or with a murmur (Garne et al., 2012). 
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Moreover, echocardiography equipment is becoming more portable, 
cheaper and widely available (Ashrafian, Bogle, Rosen, Henein, & Evans, 2004; 
Evangelista et al., 2008; Perk et al., 2007; Price et al., 2008; Seward et al., 2002).  
According to a review of Medicare (Pearlman, Ryan, Picard, & Douglas, 
2007) ranging from 1999-2004, echocardiography accounted for approximately 
half of all spending on cardiac imaging services (Bhave et al., 2011). 
This imaging technique uses ultrasound waves that are generated, emitted 
and received by the piezoelectric crystals of the transducer, to create images of 
the internal scretures. Depending on the acoustic impedance of different 
materials, which depends on their density, different grades of white and black 
image regions are produced. There are different methods that can control the 
quality of ultrasound waves including timing of ultrasound wave emission, 
frequency of waves, and size and curvature of the surface of the transducer. 
The received ultrasound signal can be amplified by increasing the gain. The 
operator should know sonographic artifacts, which may distort the studied 
structures or even show unreal ones. The most common artifacts include 
shadow and enhancement artifacts, edge artifact, mirror artifact and 
reverberation artefact (Abu-Zidan, Hefny Af Fau - Corr, & Corr). 
This invaluable tool requires the acquisition of high quality skills since the 
technique of performing the examination is becoming more and more 
sophisticated. 
2.3. Neonatal echocardiogram 
The role of echocardiography in the neonatal intensive care unit (NICU) has 
grown over the past few years. Previously, nearly all echocardiographic studies 
in the NICU were performed by pediatric cardiologists to diagnose or monitor 
CHD and to screen for PDA (Mertens et al., 2011; Moss, Kitchiner Dj Fau - 
Yoxall, Yoxall Cw Fau - Subhedar, & Subhedar, 2003). 
The increasing availability of echocardiography and its miniaturization, has 
resulted in a widespread use of this technique by neonatologists in NICUs 
around the world (Evans et al., 2011). The terms “functional 
echocardiography” and “functional point-of-care echocardiography” have been 
introduced to describe the use of echocardiography as an adjunct in the clinical 
assessment of the hemodynamic status in neonates, that is related to the 
proposed targeted neonatal echocardiography (TNE) program (Kluckow, Seri I 
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Fau - Evans, & Evans, 2007; Kluckow, Seri I Fau - Evans, & Evans, 2008; 
Mertens et al., 2011; Sehgal & McNamara, 2008a, 2008b). 
Newborns in the neonatal intensive care unit with hemodynamic instability 
are at a much higher risk for having underlying CHD. In addition, newborns in 
the neonatal intensive care unit are unique because they are in the process of 
transition from fetal to postnatal circulation. The neonatal cardiovascular 
system differs from those of fetal, pediatric, and adult patients. At term, a 
neonate must successfully transition through abrupt changes in the 
cardiorespiratory system, including changes in lung volume and compliance and 
changes in left and right heart preload and afterload. Intracardiac and 
extracardiac shunts via the foramen ovale and ductus arteriosus, physiologic in 
the fetus, have varying effects on immediate post- natal hemodynamics. Thus, 
the American Society of Echocardiography (ASE), the European Association 
of Echocardiography (EAE) and the Association for European Pediatric 
Cardiologists (AEPC) recommendations are that, detailed understanding of 
fetal, transitional, and neonatal cardiovascular physiology and the effect of 
prematurity and disease on the neonatal cardiovascular system is crucial to 
understanding of echocardiographic information obtained during the perinatal 
period (Mertens et al., 2011).  
The first echocardiographic study performed in a neonate should include a 
full morphologic and hemodynamic assessment of cardiac anatomy and 
physiology using a segmental approach (Anderson & Shirali, 2009). ASE 
guidelines and standards for the performance of pediatric echocardiography 
have been published (Lai et al., 2006), and these guidelines should be applied to 
neonatal scanning to ensure that no congenital defects are missed and that a full 
functional evaluation is obtained (Mertens et al., 2011). 
2.4. A multidisciplinary approach to 
CHD screening 
Although the pediatric cardiologist has a key role in the diagnosis and 
management of CHDs, the screening is likely to be performed by a 
neonatologist, who is responsible for the primary care of the newborn. 
The caregivers involved in the perinatal period are the obstetrician, the 
neonatologist or perinatologist, and the pediatrician, who must contribute for a 
comprehensive continuum of care concept, extending from fetal life, through 
neonatal intensive care, to childhood. 
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The obstetrician is responsible for the medical and surgical care of women 
during pregnancy and childbirth (HealthCommunities.com, 2001). 
The neonatologist is an intensivist and has experience with physical 
examination and the pathophysiologic processes in neonates (Moser et al., 
2014).  He is involved from the time of delivery till hospital discharge if the 
newborn is premature or has a serious illness, injury, or birth defect (Willett, 
2002). The neonatologist plays a critical role in bridging this trajectory, 
coordinating complex processes to a smooth delivery and neonatal plan, 
counseling and preparing expectant mothers, and integrating many components 
of subspecialty input for families and other fetal team members (Davis, Chock, 
& Hintz, 2014). In case of a suspected CHD before birth, a neonatologist 
should become involved to consult with the obstetrician and ask a pediatric 
cardiologist to diagnose the fetuses during pregnancy. After birth the 
recommendations of ASC/EAE/AEPC are:  
“if strong clinical suspicion of CHD or arrhythmia is present in a newborn, the infant 
should be clinically assessed by a pediatric cardiologist, and comprehensive echocardiography 
should be performed and interpreted by a pediatric cardiologist (Mertens L Fau - Helbing, 
Helbing W Fau - Sieverding, Sieverding L Fau - Daniels, & Daniels, 2005; Sanders Sp 
Fau - Colan et al., 2005). In hemodynamically unstable newborns without any clinical 
suspicion of CHD, the initial echocardiographic examination should always be a 
comprehensive study that can be performed by a core TNE person and initially interpreted by 
an advanced TNE person. However, it is strongly recommended that this initial study be read 
by a pediatric cardiologist within a reasonable time period. In the follow-up of children in 
whom CHD has been excluded, standard TNE can be performed as a targeted functional 
study for certain indications. Performance of these studies requires core training in TNE, and 
they should be interpreted by a person with advanced training in TNE. Focused TNE may 
be indicated for the evaluation and follow-up for a limited number of specific indications 
(effusions and lines). TNE should not be used in the follow-up of structural heart 
disease”(Mertens et al., 2011). 
For neonatal intensive care units without immediate availability of an on-site 
pediatric cardiologist for consultation, the use of telemedicine to facilitate rapid 
interpretation of initial comprehensive echocardiograms and TNE 
examinations is strongly encouraged (Mertens et al., 2011; Moss et al., 2003). 
Telemedicine technology has advanced greatly over the past 20 years. Real-time 
video transmission capability has been used since the late 1990s for rapid, 
remote cardiac evaluation of critically ill neonates (Casey, Brown D Fau - Craig, 
Craig Bg Fau - Rogers, Rogers J Fau - Mulholland, & Mulholland, 1996; Fisher, 
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Alboliras Et Fau - Berdusis, Berdusis K Fau - Webb, & Webb, 1996; 
Mulholland et al., 1999; C. Sable et al., 1999; C. A. Sable et al., 2002).  
In Brazil, due to the lack of these specialists in the remote areas, the Rede de 
Cardiologia Pediátrica (RCP) colaborators invest in training neonatologists for 
echocardiogram screening with support of pediatric cardiologists via 
telemedicine. They argue that it is very advantageous for the diagnosis 
workflow (Moser et al., 2014). 
Therefore, this is a response to a new vision of complex neonatal medicine 
evolving and actively integrating robust multidisciplinary involvement in 
collaborative counseling, planning, and management (Davis et al., 2014). 
For the sensibilization of these medical classes, neonatologists in particular, 
training in basic cardiology is mandatory. 
2.5. The need for medical training 
In 2006, the World Health Organization (WHO) announced that more than 
4 million health care workers, including medical doctors, nurses and allied 
health care workers, are needed to meet a global shortfall (Frehywot et al., 2013; 
WHO, 2007). 
In many low-and middle-income countries, there is a concerted effort to 
increase the health care workforce and its equitable distribution in underserved 
areas. There exists a shortage of faculty, exacerbated by the need to increase 
medical doctor graduation rates (Frehywot et al., 2013; Kinfu, Dal Poz, Mercer, 
& Evans, 2009). As part of this effort, many of these countries are increasing 
student intake at existing medical schools, as well as building additional medical 
schools in rural areas. A major challenge to training increasing numbers of 
medical students, while preserving the quality of their training, is the shortage 
of faculty members in most medical schools. In many instances, large well-
established medical schools are expected to provide or share faculty with newly 
created medical schools (Agrawal et al., 2011; Frehywot et al., 2013; Mars, 2012; 
Oz, 2005).  
Cardiology and echocardiography training, as well as its continued learning, 
is a global concern, especially for non-cardiologists. It is a need in many 
contexts, not only neonatal care, but also in emergency and critical care. 
Performing an echocardiogram requires not only medical knowledge but 
also manual skills for image acquisition. Learning echocardiography, therefore, 
needs extensive hands-on training (Ehler et al., 2001; Shakil, Mahmood F Fau - 
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Matyal, & Matyal, 2012). The time needed to achieve this expertise is even more 
prolonged due to the relative infrequent occurrence of the huge variety of 
congenital defects (Wagner et al., 2013). In fact, the role of cardiac 
ultrasonographers is increasingly complex and demanding. Not only they must 
be aware of the standard clinical protocols and guidelines, but also to be able to 
analyse the patient’s clinical history, in order to identify the purpose of the 
examination and to serve it well. To ensure the level of expertise of cardiac 
ultrasonographers, a recognized accreditation could be obtained (Ehler et al., 
2001; St Vrain et al., 1998; Waggoner & Skelly, 1999) within a reasonable 
timeframe using pathways specified by recognized organizations such as the 
ASE, EAE, or the British Society of Echocardiography (BSE) (Bierig, Ehler, 
Knoll, & Waggoner, 2006). Accreditation is not necessarily a mandatory or 
regulatory certificate of competence or excellence, but it aims to test the 
competence to perform, interpret and report echocardiographic studies (Fox et 
al., 2004). The training aims to improve knowledge and professional 
performance. 
According to (Norman, Shannon Si Fau - Marrin, & Marrin, 2004), 
maintenance of professional competence is a critical component of 
professionalism. So, he defines continuing education as the systematic 
maintenance, improvement and expansion of knowledge skills and personal 
qualities in order to perform professional duties throughout his working life. 
With this educational need, not only for health professionals but also for health 
students, education and training programmes are required (Schrader & 
Kldiashvili, 2008). 
ASE/EAE/AEPC recommend that after the neonatal echocardiographers 
have completed the advanced training level in TNE, which requires the 
additional performance of 150 neonatal echocardiographic studies and review 
of an additional 150 studies with additional 4 to 6 months of training, mainly in 
the context of a neonatal intensive care unit, supervised directly or indirectly by 
a pediatric echocardiography laboratory, they should continue to perform a 
minimum of 100 echocardiographic studies per year to maintain their skills and 
competence level. Maintenance of competence by regular participation in 
echocardiographic conferences or training courses is strongly recommended. A 
structured program for continuing education has not yet been developed 
(Mertens et al., 2011).  
In this field, other concerns must be taken into account, namely available 
learning resources, the inherent costs for obtaining professional training, such 
as travel, lodging expenses and registration fees for events or conferences. In 
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addition, we must consider that these professionals may have demanding jobs 
with not so flexible working hours, which represents an important factor in the 
decision process so as to obtain knowledge and training in the health area, for 
both students and professionals (Ruiz, Mintzer, & Leipzig, 2006). Therefore, 
Masys (Masys, 2002) claimed that is increasingly necessary that these 
professionals are aware and familiar with information and communication 
technology (ICT) so that they are in “constant” continuing medical education 
(CME). 
In 2011, the forum - “2020 Vision of Faculty Development across the 
Medical Education Continuum” - discussed the changing role of digital 
technologies in medical education (Robin, McNeil Sg Fau - Cook, Cook Da Fau 
- Agarwal, Agarwal Kl Fau - Singhal, & Singhal, 2011). The recommendations 
of this Association of American Medical Colleges for supporting faculties in 
using these technologies were “(1) using technology to provide/support experiences for 
learners that are not otherwise possible—not as a replacement for, but as a supplement to, 
face-to-face experiences, (2) focusing on fundamental principles of teaching and learning rather 
than learning specific technologies in isolation, (3) allocating a variety of resources to support 
the appropriate use of instructional technologies, (4) supporting faculty members as they adopt 
new technologies, and (5) providing funding and leadership to enhance electronic infrastructure 
to facilitate sharing of resources and instructional ideas” (Robin et al., 2011). 
 
In this chapter we have shown that CHD is an important global health 
problem, which is more acute in low-and middle-income countries due to high-
fertility rates and lack of qualified health professionals. Understanding that 
neonatal screening is a key factor in addressing this problem, and that 
echocardiography is our chief weapon to attack it, we need to understand how 
to build cheap and effective capacitation mechanisms to address it. ICTs are 
evolving rapidly creating an interesting opportunity to fill this gap: e-learning. 
In the following chapter we will describe and analyse this tool, discussing its 
strengths and limitations, and its adequacy for capacitating health professionals 
in the art of echocardiography for CHD screening. 
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3. State of the art 
3.1. E-learning basic concepts 
There are many definitions for what e-learning constitutes. E-learning 
literally means electronic learning, one of the most popular learning 
environments in the current information age (Liaw, Huang, & Chen, 2007). 
However, the term e-learning is often used as a more generic term for online 
education (Abdellatief, Sultan, Jabar, & Abdullah, 2011). Dr. Bernard Luskin 
(Luskin, 2010), a licensed psychotherapist, pioneer of e-learning, argues that the 
“e” in e-learning should be interpreted also as “exciting, empirical, empathetic, 
extra, emerging, energetic, exceptional, early, eloquent, everywhere, ephemeral, 
extended, effortless, epic, evangelistic, eclectic, engaging, extended”. Eric Parks 
suggested that the “e” should refer to “everything, everyone, engaging, easy” 
(Parks). 
E-learning can be defined as learning that is facilitated via ICT. According 
to some authors (Jabr & Omari, 2010; Ozkan & Koseler, 2009) electronic 
learning refers to the use of electronic devices for learning in which learning 
materials, such as text, audio, images, animation, and streaming video, are 
delivered via electronic media such as internet, audio or video, satellite 
broadcast, interactive TV, CD-ROM and so on to remote learners (Abdellatief 
et al., 2011; Dongsong Zhang, Zhao, Zhou, & Jay F. Nunamaker, 2004). 
E-learning includes multiple forms of electronically mediated learning 
(Table 2)(Frehywot et al., 2013; Khan, 2000; Tzeng, Chiang, & Li, 2007; 
Dongsong Zhang et al., 2004). 
 
Table 2 - Definition of e-learning terms 
B-learning/Blended-learning Combines online learning and the face-
to-face classroom method 
Computer-based/-assisted/-aided/- Interchangeably terms that indicate an 
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managed instruction 
Computer-based training/learning 
instruction design by means of a 
computer system focused on interactive 
learning that can be implemented both 
in a formal or non-formal educational 
approach. 
Distributed learning 
Distance learning 
A learner-centered approach such as 
blended and online learning.  
Internet-based training/learning 
Web-based training/learning 
Both of the approaches require an 
Internet connection. They only differ 
from a ICT prespective on the form 
they are implemented. Web-based relies 
on web-browser while internet-based 
do not. 
Mobile learning Involves the use of mobile 
techonologies such as smartphones and 
tablets for remotely just-in-time 
learning 
Simulation-based learning Uses technological scenarios that mimic 
real clinical situations  
 
E-learning is an active learning process from inside or outside the classroom 
in a synchronous or asynchronous way. It is synchronous when learning occurs 
in real-time and users are interacting online. Examples are virtual classroom, 
audio and video conferencing, chat, and other solutions with real-time 
discussion, face-to-face or not. In the asynchronous way, users are not online at 
the same time and interaction occurs with a space time diference, allowing 
people to participate according to their schedules in activities such as self-study, 
discussion groups, computer-based courses (video/audio), using technologies 
such as email, blogs, wikis4, social networking, as well as web-supported 
textbooks and hypertext documents. 
In summary, in e-learning, the learning activities are centered on the 
learner’s autonomy and interactive learning actions. Furthermore, it also offers 
cooperative learning opportunities between instructors and learners and/or 
among learners. This autonomous learning environments, give to users more 
opportunities for self-directed learning. Essentially, this concept fits the 
                                                      
4 Wiki - a type of web-site that allows users to easily edit and change its content, and 
thus features the collaborative creation of content by several authors. 
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constructivist learning theory, where learners explore freely within a given 
framework and theirs current knowledge and past experiences, building new 
knowledge for themselves (R. D. Johnson, Hornik, & Salas, 2008; Pustilnick, 
Correia-Neto, & Vilar, 2013; Ruiz et al., 2006; Dongsong Zhang et al., 2004). 
 
The growth of e-learning systems has increased considerably in recent years, 
due to its significant advantages (Abdellatief et al., 2011). The benefits of e-
learning have been discussed in many articles (Abdellatief et al., 2011; Abdullah, 
2012; Bouhnik & Marcus, 2006; Capper, 2001; Frehywot et al., 2013; Harun, 
2001; Liaw, 2008; Liaw et al., 2007; McKimm, Jollie C Fau - Cantillon, & 
Cantillon, 2003; Nisar, 2004; Omar, Kalulu, & Alijani, 2011; Raab, Ellis, & 
Abdon, 2001; Ruiz et al., 2006; Wong, Greenhalgh, & Pawson, 2010; Wutoh, 
Boren, & Balas, 2004; Dongsong Zhang et al., 2004). Some of these are:  
− Convenience – time and location flexibility, because learning can occur 
at any time, in any place;  
− Cost-effective – e-learning can result in significant cost-savings because 
of the reduced instructor training time, travel and labour costs and 
reduced institutional infrastructure; 
− Learner-centered and self-paced – learners have the freedom to decide 
when and how to access the online materials according to their own 
schedule, allowing them to skip information they already know and 
move forward to less familiar issues;   
− Global learning community – ICT enables the widespread distribution 
and simultaneous access to information. It allows quicker content 
updating and archival capability for knowledge reuse and sharing. 
Therefore, e-learning can be a powerful tool to capacitate health 
professionals in constricted contexts for echocardiography for neonatal 
congenital heart diseases (CHD) screening. 
3.2. E-learning for health 
E-learning may offer learning opportunities where there is limited access to 
teaching in a specific field, either because of a lack of qualified faculty or 
geographically distant faculty (Frehywot et al., 2013). 
E-learning has the potencial to help us respond to new challenges of 
healthcare sytems worldwide (Ruggeri, Farrington, & Brayne, 2013): 
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− Increase in life expectancy, particularly in low-and middle-income 
countries, and increasingly obese populations; 
− Infectious diseases mortality rates decline, while chronic diseases 
increase;  
− Increment in health care delivery costs; 
− Persistence and widening health inequalities both within and between 
countries. 
Since the 1990s, e-learning has become an unavoidable matter in what 
concerns teaching and learning improvements in medical education and training 
(Bediang et al., 2013; Childs, Blenkinsopp, Hall, & Walton, 2005; D. A. Cook et 
al., 2008), in line with the growth of “e-health” (Ball & Lillis, 2001). E-learning 
emerges with the increasingly use of ICTs, and already remotes back to 1960, 
with PLATO – Programmed Logic for Automated Teaching Operations - the 
first computer-based training program (Gogos, 2013; Tzeng et al., 2007). 
Education increasingly relies on computer resources through multimedia 
integration and interactivity, to attract not only students but also professionals 
in a lifelong learning and on-the-job work force training (Childs et al., 2005; 
Liao & Hsieh, 2011; Sun, Tsai, Finger, Chen, & Yeh, 2008; Tzeng et al., 2007; 
Dongsong Zhang et al., 2004). 
As the new economy requires more and more people to learn new 
knowledge and skills in a timely, flexible, economical and effective manner, e-
learning has become one of ICT’s fastest-moving trends, providing a 
configurable infrastructure which integrates learning materials, tools and 
services in a more personalized, flexible, portable, and on-demand manner, 
without requiring too much ICT knowledge. (Abdellatief et al., 2011; R. D. 
Johnson et al., 2008; Liaw et al., 2007; Ruiz et al., 2006; Dongsong Zhang et al., 
2004; D. Zhang, Zhou, Briggs, & Nunamaker Jr, 2006). 
E-learning models have attracted much attention in recent years as potential 
ways to meet shortages of specific skills and trained professionals. Medical 
schools and other health education institutions, even those in the most resource 
limited areas, will be faced with the challenges of adopting appropriate e-
learning solutions into the educational process (Frehywot et al., 2013). 
In western countries, the potential role of ICT in medical education has 
been meticulously explored. It has been considered a far more effective method 
than a ‘no training’ intervention, just as effective as traditional face-to-face 
methods, and an useful supplement to it, providing equal or even better results 
in knowledge dissemination and skills development (Cappel & Hayen, 2004; D. 
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A. Cook et al., 2008; Harden, 2006; Pimmer, Linxen, Grohbiel, Jha, & Burg, 
2013; Ruiz et al., 2006). 
In low-and middle-income countries (LMIC), e-learning provides an 
opportunity to extend faculty availability to new medical schools and reach 
distant students (Agrawal et al., 2011; Frehywot et al., 2013; Mars, 2012; Oz, 
2005). These countries believe that the achievement of the developing goals is 
closely attached to the ICTs (Pimmer et al., 2013). 
Over the next several years the question is not whether e-learning will be a 
component of health education, but rather what is e-learning best used for 
within institutions, when and how to implement e-learning successfully, and 
how we will ensure a beneficial effect on our learners and faculty. In fact, the 
challenge when implementing e-learning is to ensure that its integration takes 
into consideration local context and accounts for specific instructional needs 
(Frehywot et al., 2013; P. Johnson, Ghebreyohanes G Fau - Cunningham, 
Cunningham V Fau - Kutenplon, Kutenplon D Fau - Bouey, & Bouey, 2007) 
  
3.3. E-learning assessment in medical 
education: evidence 
How universities, institutions or companies can measure and report on the 
knowledge and abilities that their students and staff have acquired during 
training is an issue of growing interest. 
Methods of measuring learning outcomes range in size and scope from a 
pilot study to a complex project that addresses a number of different topics, 
involves hundreds of students/colaborators, and includes a variety of 
methodologies that can be used to assess the value added by a training and 
education program. 
Regarding educational training assessment, focusing on specific outcomes is 
important.  One of the best models of learning outcome evaluation described in 
the literature was developed by Kirkpatrick (Alliger & Janak, 1989; Galloway, 
2005). Kirkpatrick’s model has four levels to evaluate educational training, 
which he called steps:  
(1) Reaction - How well did the learners like the learning process? i.e. 
user satisfaction; 
(2) Learning - What did they learn? i.e. knowledge and skills gains;  
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(3) Behavior - What changes in job performance resulted from the 
learning process? i.e. change in practice by newly learned skills; 
(4) Results - What are the tangible results of the learning process in 
terms of reduced cost, improved quality, increased production, 
efficiency, etc.? i.e. final outcomes. 
Very often evaluative education studies do not follow this and rely solely on 
the reaction level over the learning, behavior and results levels (V. R. Curran & 
Fleet, 2005; Vernon R. Curran, Fleet, & Kirby, 2010). The focus in this study 
was on the impact of the developed e-learning Moodle course on knowledge 
and satisfaction among health care students or professionals (‘Reaction’ and 
‘Learning’ steps).  
Numerous studies have been carried to assess the credits of e-learning in 
medical education. In western countries, literature reviews (Chumley-Jones, 
Dobbie, & Alford, 2002; Cobb, 2004; David A. Cook, Garside, Levinson, 
Dupras, & Montori, 2010; D. A. Cook et al., 2008; V. R. Curran & Fleet, 2005; 
Feng et al., 2013; Lahti, Hätönen, & Välimäki, 2014; Schittek, Mattheos, Lyon, 
& Attström, 2001; Wong et al., 2010; Wutoh et al., 2004) researched the effects 
of e-learning methods, focusing on health care students and/or professionals, 
in case studies or semi-experimental and randomised controlled trials, 
comparing it with either non-education intervention or traditional classroom 
face-to-face methods. There are inconsistent results for many outcomes 
because of variability of the research design and the evaluation tools used in 
these evaluations and comparison studies.  
Regarding the reaction level, there is evidence that most learners prefer 
internet-based learning, but many of them believe that interaction with others is 
necessary (Liaw et al., 2007; Maloney et al., 2013; Ozkan & Koseler, 2009). The 
challenges regarding users’ satisfaction with an e-learning system are: non-user-
friendly interfaces, accessibility problems, navigation (especially the speed of 
downloads) and lack of experience in the use of digital technology (Henderson 
& Stewart, 2007; Sun et al., 2008). The reaction assessment is mostly done by 
questionnaires. One of the most cited questionnaire for assessing users’ 
satisfaction was developed by Wang (Wang, 2003). Wang created an e-learning 
satisfaction model that includes four qualities: content quality, learning interface 
quality, personalization quality and learning community quality. 
Concerning the learning level, the most common evaluation method 
described in literature is the pre and post-tests self controlled method, with 
multiple-choice test scores, which results showed significant improvements 
after e-learning intervention. In general these reviews identified that e-learning 
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is superior to non-education intervention (Stark, Graham-Kiefer, Devine, 
Dollahite, & Olson, 2011), have similar effects to traditional learning (Nkenke 
et al., 2012), and are more effective when combined with traditional learning 
(Nunez et al., 2011). Althought, in these contexts, e-learning may not be an 
alternative for traditional face-to-face learning method, it can offer a 
contribution and be a complement and a useful adjunct to traditional education 
(Mahnken, Baumann, Meister, Schmitt, & Fischer, 2011; Nkenke et al., 2012).  
In medical contexts, e-learning programmes results, such as efficiency and 
cost-effectiveness, have typically gone unreported. In non-medical contexts 
there is evidence that e-learning can result in cost savings of up to 50% over 
traditional learning programs, due to reduced instructor training time, travel and 
labor costs, institutional infrastructure and the possibility to expanding 
programs with new techonologies (Ruiz et al., 2006; Sandars & Walsh, 2010). 
There is evidence in the literature that e-learning is a useful tool for 
overcoming barriers to health professionals training (Frehywot et al., 2013). A 
review carried out by Frehywot et al. about e-learning in medical education in 
resource constrained LMICs, suggests that e-learning may be effective for 
increasing capacity in rural settings, but evidence is still limited. 
3.4. E-learning for echocardiography 
Due to the relevance of the echocardiography technique for non-invasive 
diagnosis and monitoring of cardiac pathologies (Price et al., 2008), several 
online resources have been developed (Abdullah, 2012). 
Nowadays, there are available on the Internet at least six echocardiography 
e-learning platforms: 123sonography.com ("123sonography.com,"), 
WINFOCUS ("WINFOCUS,"), CAE Healthcare ("CAE Heathcare,"), 
ESCardio ("ESCardio,"), Blue Phantom ("Blue Phantom,"), and ChestNet 
("ChestNet,"). 
Regarding literature (Table 3), in 2009, Breitkreutz et al. did a prospective 
observational study developing an ICU-based echocardiography 
(periresuscitation) program for emergency physicians and critical care 
practitioners. Their program was based on the concept of b-learning, 
combining web-based teaching with reading selected literature and attendance 
at a presential course (Breitkreutz et al., 2009). 
Recently, Abdullah et al. (Abdullah, 2012), developed an introductory e-
learning module on echocardiography for beginner students at Queen’s 
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University, Canada. This module intended to introduce the principles of 
echocardiography, the imaging acquisition and its interpretation. It proved to 
be very useful as an introduction to echocardiography and with a great potential 
to be used by postgraduate medical trainees in echocardiography. 
More recently, Wagner et al. (Wagner et al., 2013) reported a study on the 
effectiveness of simulator-based echocardiography training of noncardiologists 
in CHD. The simulator used was based on prototype application “EchoCom” 
(Weidenbach et al., 2007) in 10 pediatric residents. The pre-test and post-test 
scores showed significant improvement for both, multiple choice test and 
performance test, respectively. 
Sharma et al. (Sharma, Chamos, Valencia, Meineri, & Fletcher, 2013) 
assessed the efficacy of multi-modular transoesophageal echocardiography 
learning in echo-naive anaesthetic trainees. Twenty-eight trainees undertook a 
pre-test and were randomly assigned to two groups: learning via traditional 
methods such as review of guidelines and other literature; and learning via an 
internet-based echocardiography resource. After this, subjects in both groups 
underwent simulation-based echocardiography training. They concluded that 
internet and simulation-based learning methods both improve transoesophageal 
echocardiography knowledge in echo-naive anaesthetic trainees. 
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Table 3 - E-learning for echocardiography 
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As a summary we can conclude from what was found in the literature that 
the formation level of adult ICU echocardiography is much more studied and 
structured than neonatal. 
3.5. E-learning for neonatal 
echocardiography 
In what concerns neonatal echocardiography, a structured program for 
continued education is yet to be developed. But the interest is definitely 
growing, as explicited by recent web offers that appeared firstly in 2011: 
 
− http://wisconsinshine.org/ ©2014 University of Wisconsin – Madison, 
a website designed to assist initial neonatal echocardiogram. “The 
Terrible Ten” is their program, which is organized into an introduction 
and overview portion, detailed discussion of the echo findings of critical 
CHD, and individual sections on each form of critical CHD. The 
information is given mainly through video resourses. A pre and a post-
test are included too.  
 
Figure 1 – Winconsin website 
 
− http://www.tnecho.com/ © 2011 Afif El-Khuffash & Patrick 
McNamara, a website for neonatologists who are interested in a 
TnECHO - Targeted neonatal echocardiography training program. 
The site is aimed at familiarizing neonatologists with basic 
echocardiography views, mainly through images and video 
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resourses, and aiding self directed learning, but does not represent 
complete training. The website has not been designed to teach how 
to screen, diagnose or evaluate congenital heart disease. Image 
optimisation techniques are not discussed.  
 
Figure 2 - TnECHO website 
 
− http://www.neonatalechoskills.com/ © 2011 Dr. Alan Groves & 
Govindpal S Kooner, a website dedicated to providing information 
and resources on neonatal echocardiography whose administrator is 
Dr. Alan Groves. He maintains it as a free resource designed to 
help neonatologists, paediatricians, ultrasonographers and even 
cardiologists build on their skills in neonatal echocardiography. 
 
Figure 3 - Neonatal Echo Skills website 
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4. Study design and 
methodology 
In order to promote the training of neonatal echocardiography, the most 
relevant technic for screening congenital heart diseases (CHD), we developed 
procedures for the research process such as the selection of the e-learning tool 
and the course design, procedures for data collection and statistical analysis 
procedures. 
4.1. Procedures of the research process 
For this research we had to stablish which e-learning tool to use and the 
contents and materials in focused in for training of neonatal echocardiography 
for screening CHD. 
4.1.1. Selection of an e-learning tool 
 Nowadays, there is an increasing demand for e-learning courses (Loftus, 
Stavraky T Fau - Urquhart, & Urquhart, 2014), which has itself led to the 
development of a number of either commercial or open-source learning 
management systems (LMS)(Ruiz Reyes et al., 2009). A wide variety of LMS, 
appear, in order to plan, organise and access a specific learning process 
(McKimm et al., 2003). 
A LMS is a type of software that allows educators to provide course 
materials and monitor, manage, and interact with students (Zakaria, Jamal, 
Bisht, & Koppel, 2013). Such technologies are valuable tools for collaboration, 
interactivity, simulation, and self-testing. A LMS can increase the effectiveness 
and efficiency of teaching in medical schools (Jhaveri, Malieckal, Israel, & 
Vachharajani, 2012; Robin et al., 2011; Ruiz et al., 2006) through ease of access, 
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better utilization of content, increased retention rate (Jhaveri et al., 2012), cost-
effectiveness (Ruiz et al., 2006), and learner satisfaction. 
In order to know better the LMS available todate and choose one for 
delivery of the course material, we have searched between February 18th and 
25th examined the following: Moodle, Blackboard, Efront, Dots, Dokeos, 
Docebo, Saba and FutureLearning. A comparison of the main aspects is is 
shown in Table 3 bellow, taking into account general issues, such as features, 
pricing, system requirements and support; the entire table can be seen in 
Appendix V. 
Among the various LMS, there is the well-known Moodle - Modular object 
oriented dynamic learning environment - platform, which is considered the 
most appropriate LMS for the implementation of e-learning courses (Nunez et 
al., 2011) and the most popular and one of the best open-source, that is user-
friendly and adaptive (Ruiz Reyes et al., 2009) for educators. 
Given this generalized opinion of the research and development 
community, we decided to use this LMS for the e-learning asynchronous course 
produced and evaluated in this thesis.  
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Table 4 – Comparing LMS features 
         
Software name Moodle Blackboard 
Learning 
System 
efront DOTS Max 
Learning and 
Talent 
Management 
Solution 
Dokeos 
Open 
Source 
Docebo 
Cloud E-
learning 
platform 
Saba 
Learning 
Management 
System 
ILIAS 
Company Moodle 
Pty Ltd 
Blackboard Epignosis DOTS Talent 
Solutions 
Dokeos Docedo Saba 
Software 
Future 
Learning 
BV 
SCORM 
compliant 
P P P P P P P P 
Health care 
Industry 
P O ×	  	   P O O P O 
Training Industry P O ×	  	   P P O O O 
Open 
Source/Free 
P O P	   O P O P P 
Authentication P P P P O P P P 
Course authoring P O O P P O P P 
Registration 
management 
P P P P O P P P 
Unlimited users P O P O O P P P 
User access 
controls 
P P P P P O P P 
Online Training P P P P O P P P 
Content 
management 
P P P P O P P O 
Custom fields P P P P O O P O 
Custom 
functionality 
P P P P O O P O 
Custom reporting P P P P O P P O 
Custom user 
interface 
P P P P O P P O 
Data 
management 
P P P P O O P O 
Mac OS X P P O O O P O O 
Windows 2000 P O O O O O O O 
Windows 7 P P O O O P O O 
Windows vista P P O O O P O O 
Windows XP P P O O O P O O 
Portuguese 
Support 
P O P O O P P O 
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4.1.2. Course design 
The course was developed between April 2014 and July 2014 and was 
written in Portuguese from Brazil. It can be accessed in 
http://moodle1213.med.up.pt/course/view.php?id=344 and the password of 
the course is “RCP”. 
Upon the creation of a new discipline on Moodle that we called “Curso de 
Triagem Neonatal de Cardiopatias Congênitas” and of configuring its structure, 
we began the development and implementation of the course on basic 
knowledge of neonatal screening of CHD in e-learning asynchronous format. 
The course was designed to be performed asynchronously, firstly because of 
the type of e-learning tool and secondly because of the trainees schedule. 
Contents 
To better prepare these health professionals for screening CHDs through 
neonatal echocardiography, not only medical knowledge is needed, but also 
manual skills and practice for image acquisition. However, for this study, and as 
a first approach, we actually developed an introductory course, where the basic 
concepts for neonatal screening are addressed. For these health professionals it 
is important to know the basis, such as the current standard clinical protocols 
and guidelines to apply, concepts of cardiac neonatal anatomy and physiology, 
how to obtain the ultrasound images, for each anatomic window which 
echocardiographic findings to expect and look for. 
Thus, the course was structured into three modules, with a total of eight 
chapters, taking in consideration the following topics described in the Table 5 
below. 
Table 5 - Course's main contents 
Module Chapter Contents 
I. Foreknowledge i. Cardiac neonatal 
anatomy 
ii. Physiology of 
neonatal circulation 
iii. Physical ultrasound 
principles 
− Internal 
configuration of the 
heart 
− Fetal circulation 
− Neonatal circulatory 
changes 
− The ultrasound 
proprieties 
− Tranducers 
− Echocardiography 
 
II. Echocardiogram iv. How to obtain the − 4 chamber image 
Study design and methodology  33 
screening ultrasound images 
v. Different 
echocardiographic 
modalities 
− Left ventricule 
outflow track image 
− Right ventricule 
outflow track image 
− Pathologies to 
exclude in each 
image 
− Bidimensional mode 
− M mode 
− Doppler mode 
III. Pathologies vi. Identified 
pathologies in the 
4-chamber image 
vii. Identified 
pathologies in the 
outflow tracts 
image 
viii. Difficult to 
diagnose 
pathologies images 
in the neonatal 
period 
− Interventricular 
communication 
− Defect of 
atrioventricular 
septum 
− Tricuspid atresia 
− Ductus arteriosus 
− Aortic stenosis 
− Pulmonary stenosis 
− Tetralogy of Fallot 
− Transposition of the 
great vessels 
− Truncus arteriosus 
− Interatrial 
communication 
− Coarctation of the 
aorta 
− Total anomalous 
pulmonary venous 
drenage 
 
Pediatric cardiology specialists from the proper institution – UCMF – 
reviewed the contents that were mainly based on the “Cardiologia para o 
Pediatra” book (Mattos, 2004). 
Diagnostic images and videos were collected directly from the UCMF at the 
RHP. A total of 118 images and videos were collected, out of which 22 images 
and 36 vídeos were used in this course. The images were anonymised and 
illustrate examples of planes and imaging cuts, without any association with 
identifiable data from patients. 
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Learning strategy 
The instructions for participants conducting the course were available on 
the Moodle website. 
The course was built in a unidirectional way, as illustrated in Figure 4. 
First, the participants did a registry on Moodle, then and a diagnostic test of 
16 questions corresponding to the pre-test was available during 20 minutes. 
After the answers submission the first chapter was available. At the end of each 
chapter, a summary with the main key-points and a formative test of two 
multiple-choice questions for self-assessment were presented. These 
intermediate tests allowed immediate knowledge assessment after its 
performance. The next chapter will only be available if the user had given the 
correct answers. At the end of these 8 chapters, a final summative assessment 
of 16 questions corresponding to the post-test was available during 20 minutes. 
After the final approval, a certificate (Appendix III) was sent to the learners. 
 
Figure 4 - Course diagram 
The activities chosen were lectures that correspond to each chapter. We 
organized the content, images and videos in different pages as it corresponds to 
different topics. The learner could control the lecture flow by pressing control 
buttons located at the end of that interface, moving forward or backwards, 
allowing the lecture to flow from the beginning to the end, page by page, 
managing he’s own learning process. 
Since the course was performed asynchronously, the learner could observe 
his evolution learning at any time during the course through a progress status 
bar, that updates dynamically, in order to manage his self-learning. 
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4.2. Data collection procedures 
This is a quasi-experimental study, because it aims to determine whether an 
intervention has the intended effect on participants. It includes a pre-post test 
design, but lacks a control group and a random assignment of study 
participants, according to a true experimental study. 
 
The course was accessed between the 3rd of September 2014 and the 21st of 
November 2014. 
Participants were recruited via a disclosure within the Rede de Cardiologia 
Pediátrica Pernambuco-Paraíba (RCP) platform, with a brief description of the 
study, the link to the course, a tutorial for Moodle log and the password for 
enrollment in the course. To access the learners should registry on the moodle 
website according to their personal information. Thus, website security was 
guaranteed through an authentication mechanism with username and password. 
 
 
Figure 5 - Moodle registry 
 
After that, we had access to the personal email given at the registry, and 
then we could do the tracking by email to each participant. 
Course dedication, as well as the answers given in the intermediate tests, was 
recorded. 
36 Study design and methodology 
 
4.2.1. Sample 
This empirical study was based on a convenience sample, which potencially 
includes a total universe of around 80 people. 
The sample consisted of 62 participants, health practitioners from 20 
different hospitals from RCP Pernambuco-Paraíba. 
For the selection of the sample were taken into account the following 
inclusion criteria: a) health practitioners – neonatologists, pediatricians, 
obstetricians, nurses and internship medical students – who work in neonatal 
intensive care units; b) collaborator of RCP Pernambuco-Paraíba. 
Descriptive analysis 
As shown in Table 6, the total sample consisted of 62 registered health 
practitioners, including female elements (N = 49; 79,0%) and male (N = 13; 
21,0%); 49 individuals started the course, including female elements (N = 39; 
79,6%) and male (N = 10; 20,4%); and 30 participants completed the course , 
including female elements (N = 22; 73,3%) and male (N = 8; 26,7%). 
 
Table 6 - Frequency and percentage of participants by gender 
Frequency and percentage of participants by gender 
 Female Male 
 N % N % 
Total sample (N = 62) 49 79,0% 13 21,0% 
Started the course (N = 49) 39 79,6% 10 20,4% 
Completed the course (N = 30) 22 73,3% 8 26,7% 
 
Table 7 presents the frequency and percentage of participants by Profession 
and Specialty. With regard to the registered participants, most are Doctors (N = 
35; 52,2%) and mostly are of Neonatology (N = 24; 38,7%) and Pediatrics (N = 
23; 37,1%). This ratio remains the same for those participants who iniciated the 
course. 
 
Table 7 - Frequency and percentage of participants by Profession and Specialty 
Frequency and percentage of participants by Profession and Specialty 
 Registered (N =62) 
Iniciated 
(N =49) 
 N % N % 
Profession     
                  Doctors 33 53,2% 27 55,1% 
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                  Nurses 19 30,6% 13 26,5% 
                  Internship medical students 10 16,1% 9 18,4% 
     
Speciality     
                  Neonatology 24 38,7% 19 38,8% 
                  Pediatrics 23 37,1% 17 34,7% 
                  Pediatric Cardiology 9 14,5% 8 16,3% 
                  Obstetricy 6 9,7% 5 10,2% 
 
Regarding the state where they do their clinical practice, 45 (72,6%) work in 
Paraíba and the other 17 (27,4%) in Pernambuco.  
4.2.2. Assessment tools 
For the purpose of evaluating the course for its learning efficacy (level 2 
from Kirkpatrick’s model (Alliger & Janak, 1989; Galloway, 2005)), the primary 
outcome under study, we assess the proportion of learning observed between 
the pre-test and the post-test results, through the score of correct answers in 
each test. In order to assess the learner’s reaction (level 1 from Kirkpatrick’s 
model (Alliger & Janak, 1989; Galloway, 2005)) a satisfaction questionnaire was 
given to participants who performed the course. 
Pre and Post-Invervention Test 
The participants were asked to do a pre and post-tests immediately before 
and after the completation of the course, respectively. 
We use the same test to pre and post-testing, so that we can guarantee 
equivalent results. 
The pre-test work as a diagnostic test. Participants had 20 minutes to 
complete it, to guarantee authenticity of the answers. After that time, if they do 
not submit, the answers will be saved and the first chapter will be available. 
The test was structured with 16 different multiple-choice questions related 
to each course’s module: the first two questions were related to the “cardiac 
neonatal anatomy”, the third and fourth questions addressed “physiology of 
neonatal circulation”, the fifth and sixth questions concerned “physical 
ultrasound principles”, the seventh and eighth were about “how to obtain the 
ultrasound images”, the ninth and the tenth were related to “different 
echocardiographic modalities”, the eleven and the twelfth addressed “identified 
pathologies in the 4-chamber image”, the thirteenth and the fourteenth 
concerned “identified pathologies in the outflow tracts image” and the last two 
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questions were related to “difficult to diagnose diseases images in the neonatal 
period”.  
All the questions were different, had the same level of difficulty, and were 
revised by an expert on pediatric cardiology. Some questions and multiple 
choices were readjusted during this revision in order to make them clearer. 
The technology that was used to provide this evaluation tool to the 
participants was the Moodle lesson questions, a free web-based office suite and 
data storage service. 
The participants could see a time controller and a progress bar as they did 
the test. At the end they had access to the test score, but not its correction. And 
they could not repeat the test. 
The test can be seen in Appendix I. 
User’s satisfaction questionnaire 
The questionnaire used was adapted from Wang’s satisfaction questionnaire 
that consists of 26 items related to the above-mentioned levels. The last two 
questions refer to the two global satisfaction criteria developed by Doll in 1988 
(Xiao & Dasgupta, 2002), related with overall satisfaction measurement in the 
context of end-user satisfaction. This questionnaire was shown to have a 
reliability (Cronbach alpha) of 0.95 (Chen, Su Zy Fau - Wu, Wu Ty Fau - Shieh, 
Shieh Ty Fau - Chiang, & Chiang, 2011; Wang, 2003). 
The measurement scale used was a seven-point Likert-type scale, with 
anchors ranging from “strongly disagree” to “strongly agree”.  
For our study purposes we only use the questions related to content quality, 
learning interface quality and personalization quality, eliminating questions 
related to learning interaction quality from Wang’s model. The reason for 
eliminating learning interaction quality is because the developed e-learning 
system does not cover this quality. 
We used a portuguese translated existing version (Moreira, 2012) from 
Wang’s questionnaire. The original questionnaire and corresponding translation 
can be found in Appendix II and III. 
In addition, it was asked if participants had already any e-learning experience 
before. Also 12 socio-professional questions were asked at this moment that 
can be seen in Appendix III. 
The technology that was used to provide this evaluation tool to the 
participants was the Moodle survey module. 
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4.2.3. Hypotheses in research 
Thus the following hypotheses were tested: 
H1 = There are differences between the test score before and after the 
course. 
H2 = There are differences between the test score before and after the 
course, according to the profession. 
H3 = There are differences between the test score before and after the 
course, according to the specialty. 
H4 = There are differences in number of hours dedicated to the course 
according to the profession. 
H5 = There are differences in the proportion of learning according to the 
profession. 
H6 = There are differences in the proportion of learning according to the 
specialty. 
4.3. Statistical analysis procedures 
To present the statistical data, we resorted to the use of tables and graphs, 
which will be preceded by the respective analysis. 
Data analysis was performed by descriptive and inferential statistics, using 
the IBM SPSS Statistics® software, version 22.0 (Statistical Package for Social 
Sciences). 
According to the fulfillment of the criteria necessary to perform parametric 
hypothesis testing, it was concluded that the sample does not follow a normal 
distribution. Thus, non-parametric tests were used Kuskall-Wallis and 
Wilcoxon test. For all this statistical analysis, we considered a significance level 
of 5% (Maroco, 2014). 
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5. Results  
The aim of this study was to assess the impact of the developed e-learning 
Moodle course on the “learning” and “reaction” levels among health care 
students or professionals, in other words, levels 1 and 2 from Kirkpatrick’s 
evaluation model (Alliger & Janak, 1989; Galloway, 2005), discussed in chapter 
4, using as instruments individual satisfaction questionnaires and pre and post-
knowledge tests for further comparisons, respectively. 
5.1. Adherence of the participants 
From a total universe of around 80 people, globally, we obtained 62 
registrations, out of which 30 participants completed the course, and 20 
responded to the satisfaction questionnaire. 
Figure 6 below depicts the percentage of health practitioners at the 
beginning of the course, within a total sample consisted of 62 participants, of 
whom did the pre-test (79,03%) and did not start (20,97%).  
 
Figure 6 - Participants percentage in the beginning of the course 
 
N = 62 
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Figure 7 depicts the percentage of participants at the end of the course, 
within a total sample consisted of 49 participants, of whom completed the 
course (61,22%) and did not (38,78%).  
 
Figure 7 - Participants percentage at the end of the course 
 
Only 49 (79,0%) individuals did the pre-test, 43 (68,3%) did the chapter 1, 
36 (58,1%) did chapter 2, 35 (56,5%) did the chapter 3, 34 (54,8%) did the 
chapters 4 and 5, 33 (53,2%) did the chapters 6 and 7, 31 (50%) did the chapter 
8 and 30 (48,4%) did the post-test, as depicted in Figure 8. 
 
 
Figure 8 - Number of participants in the course that progressed throught the various phases 
between invitation and final completion 
 
80 • Number of  people invited to attend the course 
62 • Registered Participants 
49 • Performed the pre-test 
43 • Completed Chapter 1 
36 • Completed Chapter 2 
35 • Completed Chapter 3 
34 • Completed Chapter 4 and 5 
33 • Completed Chapters 6 and 7 
31 • Completed Chapter 8 
30 • Completed the post-test 
20 • Responded to the satisfaction questionnaire 
N = 49 
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Figure 9 depicts the percentage of participants who dropped by chapter, the 
maximum value was reached in Chapter 8 with (36,7%) of dropouts. 
 
Figure 9 - Percentage of participants who dropped by chapter 
5.2. Knowledge assessment 
Regarding the pre-test, 33,3% (n=10) participants failed (ie score<50%) and 
66,7% (n=20) were approved (µ = 56,4%; σ = 19,6%; minimum = 18,8%; 
maximum = 93,8%). 
In respect to the post-test, 100% (n=30) were approved (µ = 91,0%; σ = 
10,0%; minumum = 56,3%; maximum = 100,0%). 
 
The results in Table 8 show the Wilcoxon test, which calculated the 
differences between the values of the variable score (before the course) and 
score (after of course) and created a ranking of these differences, classifying 
them into negative differences, positive and draws. The Wilcoxon test 
significance analysis for the comparative result in the two times found that 
there are no negative differences (N = 0; Mean Rank 0,00; Sums of Ranks = 
0,00) or participants with equal scores at the beginning and end of the course; 
However, there are 30 positive differences (N = 30, Mean Rank 15,50; Sums of 
Ranks = 465,00), which means that the score at the end of the course was 
higher compared to the scores at the beginning of the course. The statistic test 
(Z), at the significance level (p <0,05), indicate that the results are statistically 
significant (Z = -4,788; p = 0,000), revealing that the score at the end of the 
course was significantly higher then the score at the beginning of the course. 
12,2 
26,5 28,6 
30,6 30,6 32,7 
32,7 
36,7 
1 2 3 4 5 6 7 8 
Drop-outs percentage 
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Table 8 – Ranks of scores before and after the course 
Ranks 
  N Mean Rank Sum of Ranks 
Final score – Initial  score 
Negative Ranks 0a 0,00 0,00 
Positive Ranks 30b 15,50 465,00 
Ties 0c     
Total 30   
 
 
 
 
 
Table 9 presents the median and standard deviation of the scores in study 
and the hours dedicated to the course by profession and the p-value of the 
Kruskal-Wallis test (grouping variable: profession), where we can see 
statistically significant differences between the professions in the initial score 
(Chi-Square = 6,406; p = 0,041) and in the hours dedicated to the course (Chi-
Square = 14,421; p = 0,001). 
 
Table 9 - Median and Standard Deviation of the Scores in study by Profession and the p-value of 
the Kruskal-Wallis test (Grouping Variable: Profession) 
 
Hours dedicated 
to the course 
Initial  score Final score 
Doctor Median 2:01 62,50 98,87 
SD 2:10 18,995 7,405 
Intern Median 3:07 50,00 93,75 
SD 2:01 12,500 13,950 
Nurse Median 0:50 39,58 87,50 
SD 0:24 23,255 9,410 
Chi-Square  14,421 6,406 2,819 
df  2 2 2 
Asymp. Sig.  0,001 0,041 ,244 
 
Table 10 presents the median and standard deviation of the variable ratio of 
learning, that was calculated (final score*initial score), for profession and the p-
value of the Kruskal-Wallis test (grouping variable: profession), where we can 
see statistically significant differences between the professions in the learning 
proportion (Chi-Square = 6,529; p = 0,038). 
Test Statisticsa 
  Final score – Initial  score 
Z -4,788b 
Asymp. Sig. (2-tailed) 0,000 
a. Final Score < Initial Score  
b. Final Score > Initial Score 
c. Final Score = Initial Score  
a. Wilcoxon Signed Ranks Test 
b. Based on negative ranks 
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Table 10 - Median and Standard Deviation of the Learning Proportion in study by Profession and 
the p-value of the Kruskal-Wallis test (Grouping Variable: Profession) 
 
Learning proportion 
Doctor Median 59,38 
SD 1,982 
Intern Median 40,82 
SD 1,516 
Nurse Median 35,55 
SD 2,448 
Chi-Square  6,529 
df   2 
Asymp. Sig.   0,038 
 
Table 11 presents the median and standard deviation of the scores in study 
by speciality and the p-value of the Kruskal-Wallis test (grouping variable: 
specialty), where we can see statistically significant differences in the initial 
score by specialty (Chi-Square = 8,989; p = 0,029). 
 
Table 11 - Median and Standard Deviation of the Scores in study by Speciality and the p-value of 
the Kruskal-Wallis test (Grouping Variable: Specialty) 
 
Hours dedicated 
to the course 
Initial 
score 
Final 
score 
Pediatric Cardiology Median 1:35 86,67 100 
SD 1:29 21,415 0,001 
Pediatrics Median 3:12 68,75 97,75 
SD 2:15 20,548 7,860 
Neonatology Median 1:20 58,13 93,75 
SD 0:23 16,782 11,211 
Obstetrics Median 1:46 36,46 87,50 
SD 2:19 13,502 9,375 
Chi-Square  4,185 8,989 4,802 
df  3 3 3 
Asymp. Sig.  0,242 0,029 0,187 
 
Table 12 presents the median and standard deviation of the variable ratio of 
learning, that was calculated (final score*initial score), for speciality and the p-
value of the Kruskal-Wallis test (grouping variable: speciality), where we can see 
statistically significant differences between the specialities in the learning 
proportion (Chi-Square = 9,581; p = 0,022). 
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Table 12 - Median and Standard Deviation of the Learning Proportion in study by Speciality and 
the p-value of the Kruskal-Wallis test (Grouping Variable: Speciality) 
 	   Learning proportion 
Pediatric Cardiology Median 86,67 
SD 21,415 
Pediatrics Median 67,20 
SD 21,170 
Neonatology Median 52,08 
SD 17,659 
Obstetrics Median 34,96 
SD 12,328 
Chi-Square  9,581 
df  3 
Asymp. Sig.  0,022 
5.3. User satisfaction assessment 
Only 20 (66,7%) of the participants that completed the course answered the 
satisfaction questionnaire. 
  
Table 13 – Answers to the satisfaction questionnaire in a 7-point Likert scale 
 1 2 3 4 5 6 7 
Q1. The e-learning system 
provides content that exactly fits 
your needs.  
    3(15%) 9(45%) 8(40%) 
Q2. The e-learning system 
provides useful content.  
     9(45%) 11(55%) 
Q3. The e-learning system 
provides sufficient content.  
  1(5%)  5(25%) 7(35%) 7(35%) 
Q4. The e-learning system 
provides up-to-date content. 
    1(5%) 5(25%) 14(70%) 
Q5. The e-learning system is 
easy to use.  
  1(5%)  6(30%) 5(25%) 8(40%) 
Q6. The e-learning system 
makes it easy for you to find the 
content you need.  
   1(5%) 5(25%) 5(25%) 9(45%) 
Q7. The content provided by 
the e-learning system is easy to 
understand.  
 1(5%)   2(10%) 4(20%) 13(65%) 
Q8. The e-learning system is 
user-friendly.  
  1(5%)  5(25%) 7(35%) 7(35%) 
Q9. The operation of the e-
learning system is stable.  
  3(15%)  3(15%) 6(30%) 8(40%) 
Q10. The e-learning system 
enables you to control your 
learning progress. 
   1(5%) 2(10%) 5(25%) 12(60%) 
Q11. The e-learning system 
enables you to learn the content 
you need.  
 1(5%) 1(5%)  1(5%) 8(40%) 9(45%) 
Q12. The e-learning system   2(10%)  3(15%) 5(25%) 10(50%) 
Results  47 
enables you to choose what you 
want to learn.  
Q13. The e-learning system 
records your learning progress 
and performance.  
    2(10%) 7(35%) 11(55%) 
Q14. As a whole, you are 
satisfied with the e-learning 
system.  
    2(10%) 9(45%) 9(45%) 
Q15. As a whole, the e-learning 
system is successful.  
    3(15%) 8(40%) 9(45%) 
Legend: 1- Strongly disagree; 2 – Mostly disagree; 3 – Disagree somewhat; 4 - Neither agree nor disagree; 5 – 
Agree somewhat; 6 – Mostly agree; 7 - Strongly agree. 
 
Globally, the satisfaction with the e-learning course is positive (µ = 86,8%; 
σ = 12,2%; minimum = 66,67%; maximum = 100,0%), whereas 6 (30%) 
learners were totally satisfied with the e-learning course. 
 
Table 14 – Mean, Standard Deviation, Minimum and Maximum of the Satisfaction score in total 
and for each quality 
 
N Mean SD Min Max 
Total satisfaction score 20 6,21 0,734 5 7 
Content quality  20 6,35 0,609 5,25 7 
Interface quality 20 6,03 0,963 4 7 
Personalization quality 20 6,23 0,813 4,25 7 
 
Regarding global measures (Q14 and Q15), 17 (87,5%) are satisfied and 
considered that the e-learning course is successful (six and seven points). 
Considering content quality (Q1-Q4), 17 (87,5%) learners think that this 
course fits their needs, is useful, sufficient and up-to-date. 
About the learning interface quality (Q5-Q9), 15 (76,0%) learners found the 
e-learning course user-friendly, stable, making it easy to find contents needed. 
Concerning personalization quality (Q10-Q13), 16 (83,8%) participants 
think the e-learning course enables them to control the learning progress, to 
learn the content needed, to choose what to learn and record their learning 
progress and performance. 
Within these 20 participants, all claim the necessity of continuing medical 
education (CME) and 18 (90,0%) said that they would like to do CME by e-
learning systems, while the other 2 (10,0%) said that maybe they will be 
interested in CME by e-learning.  
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6. Discussion 
According to the literature review above-mentioned in Chapter 3, the 
assessement of e-learning systems is necessary for ensuring learning quality. 
More and more, continuing education is appreciated within professional areas. 
In the current economical conjuncture, e-learning is an increasily used and 
demanding tool with an enormous potencial for Continuous Medical Education 
(CME). 
In several studies reported in the literature, the assessement of e-learning 
systems focuses mainly on its efficacy and user satisfaction, filling the 
requirements for the assessment of respectively level 2 (learning) and level 1 
(reaction) of the Kirkpatrick‘s assessment model. In this study, we performed 
this same approach. Concerning the neonatal echocardiography area, only one 
e-learning course could be found, which has also a pre and post intervention 
test approach, but the result of this evaluation method was not found in the 
literature.  Therefore, a comparative analysis of the results on this e-learning 
course and the results of our study cannot be performed. 
 The results of this study indicate a significant difference between the initial 
score and the final score concerning knowledge assessment; a significant 
difference in the initial score by profession and specialty; a significant difference 
in the learning proportion by profession and specialty; and a significant 
difference in the number of hours dedicated to the course by profession. The 
results indicate still high levels of satisfaction mostly with quality of content and 
personalization. 
The adherence to the e-learning course offered to Rede de Cardiologia 
Pediátrica Pernambuco-Paraíba (RCP) health professionals showed a high value 
(79,03%) related to who signed in, although the withdrawal witnesses a 
considerable value with the highest rate in the early chapters, and reached in 
chapter 8 a value of (36,70%); having completed the course (61,22%) of 
professionals who actually started the course. This results are consistent with 
the (Sun et al., 2008) study that states that learners’ initial perceived satisfaction 
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with technology-based e-learning will strongly determine whether they will use 
the system continually. Althogh in our study the participants that did not drop-
out in the first chapter accomplished to access the e-learning assychronous 
system until the end of the course. 
Also, a very interesting fact is that all learners that actually completed the 
course expressed the need for continuous training. Looking retrospectively, we 
conclude that we should have presented this questionnaire to all registered 
participants before the course even started, in an attempt to understand if these 
learners were already motivated before the course or became more motivated 
after it. In the future this topic should be addressed, since we have identified it 
as a possible ‘show-stopper’ for this type of approach to continuing medical 
education (CME).  
Previous experience with e-learning was expressed by about half of the 
professionals. On average most participants spend between 7-21 hours on the 
Internet per week, considering having reasonable computer experience. 
Regarding pedagogical impact, despite the small sample size, it was observed 
an evidential improvement from the pre-test to the post-test results that was 
statistically significative. The final score was higher than the initial score all 
participants without exception. The score refers to the acquisition of new 
knowledge related to the course e-learning content. The proportion of learning 
was found to be higher in the Medical profession, followed by the Internship 
medical students and finally the Nurse profession; and higher in Pediatric 
Cardiology speciality, followed by Pediatrics, Neonatology and Obstetrics. The 
results indicate differences in the scores of the initial score compared to 
specialty professionals, noting the Pediatric Cardiology higher average values. 
The initial score is still differentiated according to profession, with the Doctor 
notes that higher average values, followed by the Intern and finally the Nurse. 
Concerning the number of hours to attend the course, significant 
differences were found according to the profession of the participants. The 
nurses are those who exhibit the greater number of hours to attend the course. 
In an attempt to justify this impact on learning, we measured the association 
between the knowledge gain rate and the time dedication to the course, 
previous e-learning experience, self-perceived computer literacy and time 
dedication to Internet. Somewhat surprisingly, results show no significant 
statistical relationship between them. This positive evolution can be due to the 
course performance, which denotes the importance of continuing medical 
education programs to these professional lives. Although other factors such as, 
the fact that not all participants had the same learning commitment or have the 
Discussion  51 
same digital appetence or spend the same time and attention to the post-test 
could explain this result. In addition, the fact that the pre and post-tests have 
the same questions, probably contributes to a slight bias. Furthermore, learners 
could resort to external sources in order to provide correct answers to the tests, 
even if authenticity was requested. This bias is difficult to control considering 
the study design, and should be possibly considered in future studies. 
 
Those who concluded the e-learning course revealed to be satisfied with it. 
Regarding the satisfaction questionnaire, the topics that contribute more for the 
success of the course were the content and the personalization quality, rather 
than the learning interface quality, which had a lower degree of satisfaction.  
 
During this work we have encountered some situations that may be 
considered as limitations or biases to obtain the described results, so we should 
view these as exploratory notions about using e-learning in this specific medical 
context. Relevant limitations include the limited time, with only 3 months for 
implementation; the sample size, that is interesting but limited; the fact that we 
provided our own translation of the user satisfaction questionnaire to 
Portuguese; the fact that the socio-professional questionnaire was applied only 
at the end of intervention; and that we couldn’t control if learners had external 
help during tests. Despite these limitations, our global results show that that e-
learning can provide statistically relevant knowledge gains in health 
professionals in a neonatal screening context.  
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7. Conclusion 
Congenital heart diseases (CHD) continues to be a major cause of mortality 
in neonates and echocardiography is considered the best imaging technique for 
the screening of these diseases. Neonatologists have a key role in the screening 
of CHD and we motivated in this thesis that e-learning might be an interesting 
vehicle for the continuous medical education of these professionals, namely in 
echocardiography and other relevant conceps relevant to neonatal screening. 
In this thesis we contributed to this field by describing the creation of a new 
Moodle-based e-learning asynchronous course, pedagogically guided by the 
contents and structure of a relevant reference book written by Dra. Mattos. For 
this purpose applied this course to health professionals with different profiles 
and evaluated results using the best practices described in literature. Despite a 
few limitations identified in Chapter 6, we consider that by interplaying directly 
with a real environment where learners have their own agenda and priorities, 
we obtained a set of quite interesting results. 
7.1. Main Findings 
The results of this study show a significant difference between the initial 
score and the final score concerning knowledge aqquisition with contents of 
the course taught via e-learning; a significant difference in the initial score by 
profession and specialty; a significant difference in the learning proportion by 
profession and specialty; and a significant difference in the number of hours 
dedicated to the course by profession.  
Possibly the most relevant main finding of this work is the confirmation 
that e-learning is a viable technology for continuous medical education in the 
context of neonatal screening. We have obtained statistically relevant results 
that quantify an important increase in medical knowledge, assessed using a pre 
and post-test methodology.  
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As a second very relevant finding, the high satisfaction levels with this e-
learning assychronous course. Those that actually finished the course showed a 
great level of satisfaction with the used technology and high interest levels in 
continuing medical education, reinforcing the potential of the e-learning 
approach to this issue. 
We also considered the acceptance rate of learners to this approach as a 
relevant finding. The adherence to the course was high, although the 
withdrawal witnesses a considerable value, with the highest rate in the early 
chapters. Noteworthy that we worked with a highly motivated team that 
participates and contributes to a pioneering initiative in using technology for 
healthcare: the pediatric cardiology telemedice network of Pernambuco-Paraíba 
(). Future work must inspect user acceptance in more detail, since this is a 
fundamental factor for this approach to continuous medical education. Should 
we think about how we can properly motivate our learners to use this 
technology? Or maybe we should rethink if this is the correct technology to 
use? Given the relevant increase in medical knowledge we are inclined to 
defend the former option but it is clear that more studies are needed. 
7.2. Main Recommendations 
We believe that this study highlights the importance of medical training in 
constricted contexts, e-learning as the new trend for continuing medical 
education in low-and middle-income countries, not only due to budget 
constraints, but also due to resource-constrained enviromnemts. E-learning 
investment could mean skills improvement and the consequent enhancement 
of health care services provided. 
The main recommendation that comes directly from the results obtained in 
this thesis is that a deeper study of factors that contribute to learning, 
satisfaction and acceptance of e-learning by the medical community is 
necessary.  
Given the relevant pedagogical impact measured, a second recommendation 
is to reassess the knowledge gain in a long-term and to expand this type of 
experiments to not only other medical fields, but also to the practical training 
components required by these professionals. With the rapidly evolving 
technology that is cheaply appearing on the market such as tablets and sensors, 
it is now technically feasible to have low-cost simulators that can train and 
assess these skills. Would e-learning be an interesting medium for this delivery?  
References  55 
8. References 
123sonography.com. from 
http://123sonography.com/?gclid=CJrq8_LRxbcCFXMRtAodkxAAHQ 
Abdellatief, M., Sultan, A., Jabar, M., & Abdullah, R. (2011). A Technique 
for Quality Evaluation of E-Learning from Developers Perspective. American 
Journal of Economics & Business Administration, 3(1), 157.  
Abdullah, H. (2012). The Development of an Introductory E-Learning 
Module on Echocardiography.  
Abu-Zidan, F. M., Hefny Af Fau - Corr, P., & Corr, P. Clinical ultrasound 
physics. (0974-519X (Electronic)). doi: D - NLM: PMC3214508 OTO - 
NOTNLM 
Agrawal, S., Maurya Ak Fau - Shrivastava, K., Shrivastava K Fau - Kumar, 
S., Kumar S Fau - Pant, M. C., Pant Mc Fau - Mishra, S. K., & Mishra, S. K. 
(2011). Training the trainees in radiation oncology with telemedicine as a tool in 
a developing country: a two-year audit. (1687-6423 (Electronic)). doi: D - NLM: 
PMC3095242 EDAT- 2011/05/24 06:00 MHDA- 2011/05/24 06:01 CRDT- 
2011/05/24 06:00 PHST- 2010/09/05 [received] PHST- 2011/02/10 
[accepted] PHST- 2011/04/26 [epublish] AID - 10.1155/2011/230670 [doi] 
PST - ppublish 
AHA. (2014). Common Types of Heart Defects. 
http://www.heart.org/HEARTORG/Conditions/CongenitalHeartDefects/Ab
outCongenitalHeartDefects/Common-Types-of-Heart-
Defects_UCM_307017_Article.jsp 
Alliger, G. M., & Janak, E. A. (1989). Kirkpatrick's levels of training criteria: 
Thirty years later. Personnel Psychology, 42(2), 331-342.  
Amorim, L. F., Pires, C. A., Lana, A. M., Campos, A. S., Aguiar, R. A., 
Tiburcio, J. D., . . . Aguiar, M. J. (2008). Presentation of congenital heart disease 
diagnosed at birth: analysis of 29,770 newborn infants. J Pediatr (Rio J), 84(1), 
83-90. doi: doi:10.2223/JPED.1747 
56  References 
 
Anderson, R., & Shirali, G. (2009). Sequential segmental analysis. Annals of 
Pediatric Cardiology, 2(1), 24-35. doi: 10.4103/0974-2069.52803 
Araújo, J. S. S., Régis, C. T., Gomes, R. G. S., Silva, C. S., Abath, C. M. B., 
Mourato, F. A., & Mattos, S. S. (2014). Congenital Heart Disease in Northeast 
Brazil: 10 Consecutive Years of Records in Paraiba State, Brazil. Rev Bras 
Cardiol., 27(1), 509-515.  
Ashrafian, H., Bogle, R. G., Rosen, S. D., Henein, M., & Evans, T. W. 
(2004). Portable echocardiography. BMJ, 328(7435), 300-301. doi: 
10.1136/bmj.328.7435.300 
Ball, M. J., & Lillis, J. (2001). E-health: transforming the physician/patient 
relationship. (1386-5056 (Print)).  
Bediang, G., Stoll, B., Geissbuhler, A., Klohn, A. M., Stuckelberger, A., 
Nko'o, S., & Chastonay, P. (2013). Computer literacy and E-learning perception 
in Cameroon: the case of Yaounde Faculty of Medicine and Biomedical 
Sciences. BMC Med Educ, 13, 57. doi: 10.1186/1472-6920-13-57 
Bhave, N. M., Mansour, I. N., Veronesi, F., Razi, R. R., Lang, R. M., & 
Ward, R. P. (2011). Use of a web-based application of the American College of 
Cardiology Foundation/American Society of Echocardiography 
Appropriateness Use Criteria for Transthoracic Echocardiography: a pilot 
study. J Am Soc Echocardiogr, 24(3), 271-276. doi: 10.1016/j.echo.2010.12.027 
Bierig, S. M., Ehler, D., Knoll, M. L., & Waggoner, A. D. (2006). American 
Society of Echocardiography minimum standards for the cardiac sonographer: 
a position paper. J Am Soc Echocardiogr, 19(5), 471-474. doi: 
10.1016/j.echo.2006.03.032 
Blue Phantom. from http://www.bluephantom.com/product/ICCU-
Focused-Cardiac-Transthoracic-Echo-ELearning-Course.aspx?cid=382 
Bouhnik, D., & Marcus, T. (2006). Interaction in distance-learning courses. 
Journal of the American Society for Information Science and Technology, 57(3), 299-305.  
Breitkreutz, R., Uddin, S., Steiger, H., Ilper, H., Steche, M., Walcher, F., . . . 
Price, S. (2009). Focused echocardiography entry level: new concept of a 1-day 
training course. Minerva Anestesiol, 75(5), 285-292.  
CAE Heathcare. from https://caehealthcare.com/courses/view/3 
Cappel, J. J., & Hayen, R. L. (2004). EVALUATING E-LEARNING: A 
CASE STUDY. Journal of Computer Information Systems, 44(4).  
Capper, J. (2001). E-learning growth and promise for the developing world. 
World Links for Development, The World Bank.  
Casey, F., Brown D Fau - Craig, B. G., Craig Bg Fau - Rogers, J., Rogers J 
Fau - Mulholland, H. C., & Mulholland, H. C. (1996). Diagnosis of neonatal 
References  57 
congenital heart defects by remote consultation using a low-cost telemedicine 
link. (1357-633X (Print)).  
Cheitlin, M. D., Armstrong, W. F., Aurigemma, G. P., Beller, G. A., 
Bierman, F. Z., Davis, J. L., . . . Russell, R. O. (2003). ACC/AHA/ASE 2003 
Guideline Update for the Clinical Application of Echocardiography: summary 
article. A report of the American College of Cardiology/American Heart 
Association Task Force on Practice Guidelines (ACC/AHA/ASE Committee 
to Update the 1997 Guidelines for the Clinical Application of 
Echocardiography). J Am Soc Echocardiogr, 16(10), 1091-1110. doi: 
10.1016/s0894-7317(03)00685-0 
Chen, M. L., Su Zy Fau - Wu, T.-Y., Wu Ty Fau - Shieh, T.-Y., Shieh Ty 
Fau - Chiang, C.-H., & Chiang, C. H. (2011). Influence of dentistry students' e-
Learning satisfaction: a questionnaire survey. (0148-5598 (Print)).  
ChestNet. from http://www.chestnet.org/Education/Products/e-Learning 
Childs, S., Blenkinsopp, E., Hall, A., & Walton, G. (2005). Effective e-
learning for health professionals and students—barriers and their solutions. A 
systematic review of the literature—findings from the HeXL project. Health 
Information & Libraries Journal, 22, 20-32. doi: 10.1111/j.1470-3327.2005.00614.x 
Chumley-Jones, H. S., Dobbie, A., & Alford, C. L. (2002). Web‐based 
learning: Sound educational method or hype? A review of the evaluation 
literature. Academic Medicine, 77(10), S86-S93.  
Cobb, S. C. (2004). Internet continuing education for health care 
professionals: an integrative review. Journal of Continuing Education in the Health 
Professions, 24(3), 171-180.  
Cook, D. A., Garside, S., Levinson, A. J., Dupras, D. M., & Montori, V. M. 
(2010). What do we mean by web‐based learning? A systematic review of the 
variability of interventions. Medical education, 44(8), 765-774.  
Cook, D. A., Levinson Aj Fau - Garside, S., Garside S Fau - Dupras, D. M., 
Dupras Dm Fau - Erwin, P. J., Erwin Pj Fau - Montori, V. M., & Montori, V. 
M. (2008). Internet-based learning in the health professions: a meta-analysis. 
(1538-3598 (Electronic)).  
Curran, V. R., & Fleet, L. (2005). A review of evaluation outcomes of web-
based continuing medical education. (0308-0110 (Print)).  
Curran, V. R., Fleet, L. J., & Kirby, F. (2010). A comparative evaluation of 
the effect of internet-based CME delivery format on satisfaction, knowledge 
and confidence. BMC Med Educ, 10(1), 10.  
58  References 
 
Davis, A. S., Chock, V. Y., & Hintz, S. R. (2014). Fetal Centers and the Role 
of the Neonatologist in Complex Fetal Care. Amer J Perinatol, 31(07), 549-556. 
doi: 10.1055/s-0034-1371709 
de-Wahl Granelli, A., Wennergren, M., Sandberg, K., Mellander, M., Bejlum, 
C., Inganäs, L., . . . Östman-Smith, I. (2009). Impact of pulse oximetry 
screening on the detection of duct dependent congenital heart disease: a 
Swedish prospective screening study in 39  821 newborns. BMJ, 338.  
Dolk, H., Loane, M., & Garne, E. (2011). Congenital heart defects in 
Europe: prevalence and perinatal mortality, 2000 to 2005. Circulation, 123(8), 
841-849. doi: 10.1161/circulationaha.110.958405 
Egbe, A., Uppu, S., Lee, S., Ho, D., & Srivastava, S. (2014). Changing 
Prevalence of Severe Congenital Heart Disease: A Population-Based Study. 
Pediatr Cardiol. doi: 10.1007/s00246-014-0921-7 
Egbe, A., Uppu, S., Lee, S., Stroustrup, A., Ho, D., & Srivastava, S. (2014). 
Temporal Variation of Birth Prevalence of Congenital Heart Disease in the 
United States. Congenit Heart Dis. doi: 10.1111/chd.12176 
Ehler, D., Carney, D. K., Dempsey, A. L., Rigling, R., Kraft, C., Witt, S. A., . 
. . Waggoner, A. (2001). Guidelines for cardiac sonographer education: 
recommendations of the American Society of Echocardiography Sonographer 
Training and Education Committee. J Am Soc Echocardiogr, 14(1), 77-84.  
ESCardio. from 
http://learn.escardio.org/echocardiography/homepage.aspx 
Evangelista, A., Flachskampf, F., Lancellotti, P., Badano, L., Aguilar, R., 
Monaghan, M., . . . Nihoyannopoulos, P. (2008). European Association of 
Echocardiography recommendations for standardization of performance, 
digital storage and reporting of echocardiographic studies. Eur J Echocardiogr, 
9(4), 438-448. doi: 10.1093/ejechocard/jen174 
Evans, N., Gournay V Fau - Cabanas, F., Cabanas F Fau - Kluckow, M., 
Kluckow M Fau - Leone, T., Leone T Fau - Groves, A., Groves A Fau - 
McNamara, P., . . . Mertens, L. (2011). Point-of-care ultrasound in the neonatal 
intensive care unit: international perspectives. (1878-0946 (Electronic)).  
F, A., JA, G., PH, M., & LS, C. (2002). Quando suspeitar de cardiopatia 
conge ̂nita no rece ́m-nascido. Medicina, Ribeira ̃o Preto(35), 192-197.  
Feng, J. Y., Chang, Y. T., Chang, H. Y., Erdley, W. S., Lin, C. H., & Chang, 
Y. J. (2013). Systematic Review of Effectiveness of Situated E-Learning on 
Medical and Nursing Education. Worldviews Evid Based Nurs. doi: 
10.1111/wvn.12005 
References  59 
Fisher, J. B., Alboliras Et Fau - Berdusis, K., Berdusis K Fau - Webb, C. L., 
& Webb, C. L. (1996). Rapid identification of congenital heart disease by 
transmission of echocardiograms. (0002-8703 (Print)).  
Fox, K. F., Flachskampf, F., Zamorano, J. L., Badano, L., Fraser, A. G., & 
Pinto, F. J. (2004). Report on the first written exam held as part of the 
European Association of Echocardiography accreditation process in adult 
transthoracic echocardiography. Eur J Echocardiogr, 5(5), 320-325. doi: 
10.1016/j.euje.2004.06.009 
Frehywot, S., Vovides, Y., Talib, Z., Mikhail, N., Ross, H., Wohltjen, H., . . . 
Scott, J. (2013). E-learning in medical education in resource constrained low- 
and middle-income countries. Hum Resour Health, 11(1), 4. doi: 10.1186/1478-
4491-11-4 
Galloway, D. L. (2005). Evaluating distance delivery and e‐learning is 
kirkpatrick's model relevant? Performance Improvement, 44(4), 21-27.  
Garne, E., Olsen, M. S., Johnsen, S. P., Hjortdal, V., Andersen, H. O., 
Nissen, H., . . . Danish Register of Congenital Heart, D. (2012). How do we 
define congenital heart defects for scientific studies? Congenit Heart Dis, 7(1), 46-
49. doi: 10.1111/j.1747-0803.2011.00581.x 
Gogos, R. (2013). A brief history of elearning (infographic). 
http://blog.efrontlearning.net/2013/08/a-brief-history-of-elearning-
infographic.html 
Gottdiener, J. S., Bednarz, J., Devereux, R., Gardin, J., Klein, A., Manning, 
W. J., . . . Weissman, N. J. (2004). American Society of Echocardiography 
recommendations for use of echocardiography in clinical trials. J Am Soc 
Echocardiogr, 17(10), 1086-1119. doi: 10.1016/j.echo.2004.07.013 
Guitti, J. C. (2000). Epidemiological characteristics of congenital heart 
diseases in Londrina, Parana south Brazil. Arq Bras Cardiol, 74(5), 395-404.  
Harden, R. M. (2006). Trends and the future of postgraduate medical 
education. Emerg Med J, 23(10), 798-802. doi: 10.1136/emj.2005.033738 
Harun, M. H. (2001). Integrating e-learning into the workplace. The Internet 
and Higher Education, 4(3), 301-310.  
HealthCommunities.com. (2001). What Is an Obstetrician / Gynecologist 
(OB/GYN)? http://www.healthcommunities.com/pregnancy/what-is-
obgyn.shtml 
Henderson, R., & Stewart, D. (2007). The influence of computer and 
Internet access on e-learning technology acceptance. Business Educ Digest, XVI, 
3–16.  
60  References 
 
Hoffman, J. (2013). The global burden of congenital heart disease. Cardiovasc 
J Afr, 24(4), 141-145. doi: 10.5830/cvja-2013-028 
Hoffman, J. I. (1990). Congenital heart disease: incidence and inheritance. 
Pediatr Clin North Am, 37(1), 25-43.  
Hoffman, J. I., & Kaplan, S. (2002). The incidence of congenital heart 
disease. J Am Coll Cardiol, 39(12), 1890-1900.  
Huber, J., Peres, V. C., Santos, T. J., Beltrao Lda, F., Baumont, A. C., 
Canedo, A. D., . . . Pellanda, L. C. (2010). Congenital heart diseases in a 
reference service: clinical evolution and associated illnesses. Arq Bras Cardiol, 
94(3), 313-318, 333-318.  
Jabr, M. A., & Omari, H. K. A. (2010). e-Learning Management System 
Using Service Oriented Architecture. J. Comput. Sci., (6), 285-295.  
Jhaveri, K., Malieckal, D., Israel, E., & Vachharajani, T. (2012). Nephrology 
education in the electronic era: A case based review. Open Urol Nephrol J(5), 29-
32.  
Johnson, P., Ghebreyohanes G Fau - Cunningham, V., Cunningham V Fau 
- Kutenplon, D., Kutenplon D Fau - Bouey, O., & Bouey, O. (2007). Distance 
education to prepare nursing faculty in Eritrea: diffusion of an innovative 
model of midwifery education. (1542-2011 (Electronic)).  
Johnson, R. D., Hornik, S., & Salas, E. (2008). An empirical examination of 
factors contributing to the creation of successful e-learning environments. 
International Journal of Human-Computer Studies, 66(5), 356-369. doi: 
http://dx.doi.org/10.1016/j.ijhcs.2007.11.003 
Khan, B. (2000). A framework for web-based learning. TechTrends, 44(3), 51-
51. doi: 10.1007/BF02778228 
Khoshnood, B., Loane, M., Garne, E., Addor, M. C., Arriola, L., Bakker, M., 
. . . Dolk, H. (2013). Recent decrease in the prevalence of congenital heart 
defects in Europe. J Pediatr, 162(1), 108-113 e102. doi: 
10.1016/j.jpeds.2012.06.035 
Kinfu, H., Dal Poz, M., Mercer, H., & Evans, D. (2009). The health worker 
shortage in Africa: are enough physicians and nurses being trained? B World 
Health Organ(87), 225–230.  
Kluckow, M., Seri I Fau - Evans, N., & Evans, N. (2007). Functional 
echocardiography: an emerging clinical tool for the neonatologist. (1097-6833 
(Electronic)).  
Kluckow, M., Seri I Fau - Evans, N., & Evans, N. (2008). Echocardiography 
and the neonatologist. (0172-0643 (Print)).  
References  61 
Knowles, R., Griebsch I Fau - Dezateux, C., Dezateux C Fau - Brown, J., 
Brown J Fau - Bull, C., Bull C Fau - Wren, C., & Wren, C. (2005). Newborn 
screening for congenital heart defects: a systematic review and cost-
effectiveness analysis. (2046-4924 (Electronic)).  
Lahti, M., Hätönen, H., & Välimäki, M. (2014). Impact of e-learning on 
nurses’ and student nurses knowledge, skills, and satisfaction: A systematic 
review and meta-analysis. International Journal of Nursing Studies, 51(1), 136-149. 
doi: 10.1016/j.ijnurstu.2012.12.017 
Lai, W. W., Geva T Fau - Shirali, G. S., Shirali Gs Fau - Frommelt, P. C., 
Frommelt Pc Fau - Humes, R. A., Humes Ra Fau - Brook, M. M., Brook Mm 
Fau - Pignatelli, R. H., . . . Rychik, J. (2006). Guidelines and standards for 
performance of a pediatric echocardiogram: a report from the Task Force of 
the Pediatric Council of the American Society of Echocardiography. (1097-
6795 (Electronic)).  
Liao, P.-W., & Hsieh, J. Y. (2011). What influences Internet-based learning? 
Social Behavior and Personality: an international journal, 39(7), 887-896.  
Liaw, S.-S. (2008). Investigating students’ perceived satisfaction, behavioral 
intention, and effectiveness of e-learning: A case study of the Blackboard 
system. Computers & Education, 51(2), 864-873. doi: 
http://dx.doi.org/10.1016/j.compedu.2007.09.005 
Liaw, S.-S., Huang, H.-M., & Chen, G.-D. (2007). Surveying instructor and 
learner attitudes toward e-learning. Computers & Education, 49(4), 1066-1080. 
doi: http://dx.doi.org/10.1016/j.compedu.2006.01.001 
Loftus, J., Stavraky T Fau - Urquhart, B. L., & Urquhart, B. L. (2014). 
Design it yourself (DIY): in-house instructional design for online 
pharmacology. (1573-1677 (Electronic)).  
Lozano, R., Naghavi M Fau - Foreman, K., Foreman K Fau - Lim, S., Lim S 
Fau - Shibuya, K., Shibuya K Fau - Aboyans, V., Aboyans V Fau - Abraham, J., 
. . . Memish, Z. A. (2012). Global and regional mortality from 235 causes of 
death for 20 age groups in 1990 and 2010: a systematic analysis for the Global 
Burden of Disease Study 2010. (1474-547X (Electronic)).  
Luskin, B. (2010). Think "Exciting": E-Learning and the Big "E". Educause 
Review Online. 
Ma, X. J., & Huang, G. Y. (2013). Neonatal pulse oximetry screening 
improves detecting of critical congenital heart disease. (0366-6999 (Print)).  
Mahle, W. T., Newburger, J. W., Matherne, G. P., Smith, F. C., Hoke, T. R., 
Koppel, R., . . . Newborn. (2009). Role of pulse oximetry in examining 
newborns for congenital heart disease: a scientific statement from the American 
62  References 
 
Heart Association and American Academy of Pediatrics. Circulation, 120(5), 447-
458. doi: 10.1161/CIRCULATIONAHA.109.192576 
Mahnken, A. H., Baumann, M., Meister, M., Schmitt, V., & Fischer, M. R. 
(2011). Blended learning in radiology: is self-determined learning really more 
effective? Eur J Radiol, 78(3), 384-387. doi: 10.1016/j.ejrad.2010.12.059 
Maloney, S., Chamberlain M Fau - Morrison, S., Morrison S Fau - Kotsanas, 
G., Kotsanas G Fau - Keating, J. L., Keating Jl Fau - Ilic, D., & Ilic, D. (2013). 
Health professional learner attitudes and use of digital learning resources. 
(1438-8871 (Electronic)). doi: D - NLM: PMC3636135 EDAT- 2013/01/18 
06:00 MHDA- 2013/06/26 06:00 CRDT- 2013/01/18 06:00 PHST- 
2012/03/07 [received] PHST- 2012/10/05 [accepted] PHST- 2012/05/05 
[revised] AID - v15i1e7 [pii] AID - 10.2196/jmir.2094 [doi] PST - epublish 
Mars, M. (2012). Building the capacity to build capacity in e-health in sub-
Saharan Africa: the KwaZulu-Natal experience. (1556-3669 (Electronic)). doi: 
D - NLM: PMC3270048 EDAT- 2011/12/14 06:00 MHDA- 2012/06/05 
06:00 CRDT- 2011/12/14 06:00 PHST- 2011/12/08 [aheadofprint] AID - 
10.1089/tmj.2011.0146 [doi] PST - ppublish 
Masys, D. R. (2002). Effects of current and future information technologies 
on the health care workforce. Health Aff (Millwood), 21(5), 33-41.  
Mattos, S. (2004). Cardiologia para o Pediatra - Manual Prático para o 
reconhecimento e manuseio das cardipatias na infância (Vol. I). 
McKimm, J., Jollie C Fau - Cantillon, P., & Cantillon, P. (2003). ABC of 
learning and teaching: Web based learning. (1756-1833 (Electronic)). doi: D - 
NLM: PMC1125774 EDAT- 2003/04/19 05:00 MHDA- 2003/05/13 05:00 
CRDT- 2003/04/19 05:00 AID - 10.1136/bmj.326.7394.870 [doi] AID - 
326/7394/870 [pii] PST - ppublish 
Mertens L Fau - Helbing, W., Helbing W Fau - Sieverding, L., Sieverding L 
Fau - Daniels, O., & Daniels, O. (2005). Guidelines from the Association for 
European Paediatric Cardiology: standards for training in paediatric 
echocardiography. (1047-9511 (Print)).  
Mertens, L., Seri I Fau - Marek, J., Marek J Fau - Arlettaz, R., Arlettaz R Fau 
- Barker, P., Barker P Fau - McNamara, P., McNamara P Fau - Moon-Grady, 
A. J., . . . Lai, W. W. (2011). Targeted Neonatal Echocardiography in the 
Neonatal Intensive Care Unit: practice guidelines and recommendations for 
training. Writing Group of the American Society of Echocardiography (ASE) in 
collaboration with the European Association of Echocardiography (EAE) and 
the Association for European Pediatric Cardiologists (AEPC). (1097-6795 
(Electronic)).  
References  63 
Mitchell, S. C., Korones, S. B., & Berendes, H. W. (1971). Congenital heart 
disease in 56,109 births. Incidence and natural history. Circulation, 43(3), 323-
332.  
Moreira, S. l. I. s. C. (2012). Development and assessment of an eLearning course on 
senology for radiographers: a stratified randomised controlled trial. (Master's degree), 
University of Porto.    
Moser, L., Diogenes, T., Souza, V., Oliveira, A., Mourato, F., & Mattos, S. 
(2014). Novo modelo de teletriagem das cardiopatias congênitas. J. bras. 
telessaúde, 3(1), 229-231.  
Moss, S., Kitchiner Dj Fau - Yoxall, C. W., Yoxall Cw Fau - Subhedar, N. 
V., & Subhedar, N. V. (2003). Evaluation of echocardiography on the neonatal 
unit. (1359-2998 (Print)). doi: D - NLM: PMC1721588 EDAT- 2003/06/24 
05:00 MHDA- 2003/08/28 05:00 CRDT- 2003/06/24 05:00 PST - ppublish 
Mulholland, H. C., Casey F Fau - Brown, D., Brown D Fau - Corrigan, N., 
Corrigan N Fau - Quinn, M., Quinn M Fau - McCord, B., McCord B Fau - 
Rogers, J., . . . Craig, B. G. (1999). Application of a low cost telemedicine link 
to the diagnosis of neonatal congenital heart defects by remote consultation. 
(1355-6037 (Print)). doi: D - NLM: PMC1729129 EDAT- 1999/07/20 
MHDA- 1999/07/20 00:01 CRDT- 1999/07/20 00:00 PST - ppublish 
Ng, B., & Hokanson, J. (2010). Missed congenital heart disease in neonates. 
Congenit Heart Dis, 5(3), 292-296. doi: 10.1111/j.1747-0803.2010.00418.x 
Nisar, T. M. (2004). E-learning in public organizations. Public Personnel 
Management, 33(1), 79-88.  
Nkenke, E., Vairaktaris, E., Bauersachs, A., Eitner, S., Budach, A., Knipfer, 
C., & Stelzle, F. (2012). Acceptance of technology-enhanced learning for a 
theoretical radiological science course: a randomized controlled trial. BMC Med 
Educ, 12, 18. doi: 10.1186/1472-6920-12-18 
Norman, G. R., Shannon Si Fau - Marrin, M. L., & Marrin, M. L. (2004). 
The need for needs assessment in continuing medical education. (1756-1833 
(Electronic)). doi: D - NLM: PMC404504 EDAT- 2004/04/24 05:00 MHDA- 
2004/05/11 05:00 CRDT- 2004/04/24 05:00 AID - 10.1136/bmj.328.7446.999 
[doi] AID - 328/7446/999 [pii] PST - ppublish 
Nunez, J. C., Cerezo, R., Bernardo, A., Rosario, P., Valle, A., Fernandez, E., 
& Suarez, N. (2011). Implementation of training programs in self-regulated 
learning strategies in Moodle format: results of a experience in higher 
education. Psicothema, 23(2), 274-281.  
Omar, A., Kalulu, D., & Alijani, G. S. (2011). Management of innovative e-
learning environments. Academy of Educational Leadership Journal, 15(3), 37-64.  
64  References 
 
Oz, H. H. (2005). Synchronous distance interactive classroom conferencing. 
(1040-1334 (Print)).  
Ozkan, S., & Koseler, R. (2009). Multi-dimensional students' evaluation of 
e-learning systems in the higher education context: An empirical investigation. 
Comput. Educ., 53(4), 1285-1296. doi: 10.1016/j.compedu.2009.06.011 
Parks, E. What's the "e" in e-Learning? 
http://www.askinternational.com/knowledge/articles/eBasic/whatsElearn.ht
ml 
Pearlman, A. S., Ryan, T., Picard, M. H., & Douglas, P. S. (2007). Evolving 
trends in the use of echocardiography: a study of Medicare beneficiaries. J Am 
Coll Cardiol, 49(23), 2283-2291. doi: 10.1016/j.jacc.2007.02.048 
Perk, G., Molisse, T., Remolina, A., Choy-Shan, A., Tunick, P. A., & 
Kronzon, I. (2007). Laptop-sized echocardiography machine versus full-sized 
top-of-the-line machine: a comparative study. J Am Soc Echocardiogr, 20(3), 281-
284. doi: 10.1016/j.echo.2006.08.016 
Pimmer, C., Linxen, S., Grohbiel, U., Jha, A. K., & Burg, G. (2013). Mobile 
learning in resource-constrained environments: a case study of medical 
education. Med Teach, 35(5), e1157-1165. doi: 10.3109/0142159x.2012.733454 
Price, S., Via, G., Sloth, E., Guarracino, F., Breitkreutz, R., Catena, E., & 
Talmor, D. (2008). Echocardiography practice, training and accreditation in the 
intensive care: document for the World Interactive Network Focused on 
Critical Ultrasound (WINFOCUS). Cardiovasc Ultrasound, 6, 49. doi: 
10.1186/1476-7120-6-49 
Pustilnick, R., Correia-Neto, J. S., & Vilar, G. (2013). E-Learning of Genetic 
Counseling and Basic Genetics for Psychologists in Brazil. American Journal of 
Distance Education, 27(3), 145-154. doi: 10.1080/08923647.2013.801636 
Raab, R. T., Ellis, W. W., & Abdon, B. R. (2001). Multisectoral partnerships 
in e-learning: A potential force for improved human capital development in the 
Asia Pacific. The Internet and Higher Education, 4(3–4), 217-229. doi: 
http://dx.doi.org/10.1016/S1096-7516(01)00067-7 
Rhodes, J. F., Hijazi Zm Fau - Sommer, R. J., & Sommer, R. J. (2008). 
Pathophysiology of congenital heart disease in the adult, part II. Simple 
obstructive lesions. (1524-4539 (Electronic)).  
Rivera, I. R., Silva, M. A., Fernandes, J. M., Thomaz, A. C., Soriano, C. F., & 
Souza, M. G. (2007). Congenital heart diseases in the newborn: from the 
pediatrician's request to the cardiologist's evaluation. Arq Bras Cardiol, 89(1), 6-
10.  
References  65 
Robin, B. R., McNeil Sg Fau - Cook, D. A., Cook Da Fau - Agarwal, K. L., 
Agarwal Kl Fau - Singhal, G. R., & Singhal, G. R. (2011). Preparing for the 
changing role of instructional technologies in medical education. (1938-808X 
(Electronic)).  
Ruggeri, K., Farrington, C., & Brayne, C. (2013). A global model for 
effective use and evaluation of e-learning in health. Telemed J E Health, 19(4), 
312-321. doi: 10.1089/tmj.2012.0175 
Ruiz, J. G., Mintzer, M. J., & Leipzig, R. M. (2006). The impact of E-
learning in medical education. Acad Med, 81(3), 207-212.  
Ruiz Reyes, N., Vera Candeas, P., Galan, S. G., Viciana, R., Canadas, F., & 
Reche, P. J. (2009, 22-24 June 2009). Comparing open-source e-learning platforms from 
adaptivity point of view. Paper presented at the EAEEIE Annual Conference, 
2009. 
Sable, C., Roca T Fau - Gold, J., Gold J Fau - Gutierrez, A., Gutierrez A 
Fau - Gulotta, E., Gulotta E Fau - Culpepper, W., & Culpepper, W. (1999). 
Live transmission of neonatal echocardiograms from underserved areas: 
accuracy, patient care, and cost. (1078-3024 (Print)).  
Sable, C. A., Cummings, S. D., Pearson, G. D., Schratz, L. M., Cross, R. C., 
Quivers, E. S., . . . Martin, G. R. (2002). Impact of telemedicine on the practice 
of pediatric cardiology in community hospitals. Pediatrics, 109(1), E3.  
Sadler, T. W. T. W., & Langman, J. (2012). Langman's medical embryology (12th 
ed. / T.W. Sadler. ed.). United States: Philadelphia : Wolters Kluwer 
Health/Lippincott Williams & Wilkins, c2012. 
Sandars, J., & Walsh, K. (2010). Cost-effective e-learning in medical 
education. Cost effectiveness in medical education. Oxford, United Kingdom: Radcliffe 
Publishing, 40-47.  
Sanders Sp Fau - Colan, S. D., Colan Sd Fau - Cordes, T. M., Cordes Tm 
Fau - Donofrio, M. T., Donofrio Mt Fau - Ensing, G. J., Ensing Gj Fau - Geva, 
T., Geva T Fau - Kimball, T. R., . . . Weinberg, P. M. (2005). 
ACCF/AHA/AAP recommendations for training in pediatric cardiology. Task 
force 2: pediatric training guidelines for noninvasive cardiac imaging endorsed 
by the American Society of Echocardiography and the Society of Pediatric 
Echocardiography. (1558-3597 (Electronic)).  
Schittek, M., Mattheos, N., Lyon, H. C., & Attström, R. (2001). Computer 
assisted learning. A review. European Journal of Dental Education, 5(3), 93-100.  
Schrader, T., & Kldiashvili, E. (2008). Virtual health care center in Georgia. 
(1746-1596 (Electronic)). doi: D - NLM: PMC2500110 EDAT- 2008/08/05 
09:00 MHDA- 2008/08/05 09:01 CRDT- 2008/08/05 09:00 PHST- 
66  References 
 
2008/07/15 [aheadofprint] AID - 1746-1596-3-S1-S4 [pii] AID - 
10.1186/1746-1596-3-S1-S4 [doi] PST - epublish 
Sehgal, A., & McNamara, P. J. (2008a). Does echocardiography facilitate 
determination of hemodynamic significance attributable to the ductus 
arteriosus? (1432-1076 (Electronic)).  
Sehgal, A., & McNamara, P. J. (2008b). Does point-of-care functional 
echocardiography enhance cardiovascular care in the NICU? (1476-5543 
(Electronic)).  
Seward, J. B., Douglas, P. S., Erbel, R., Kerber, R. E., Kronzon, I., 
Rakowski, H., . . . Wann, S. (2002). Hand-carried cardiac ultrasound (HCU) 
device: recommendations regarding new technology. A report from the 
Echocardiography Task Force on New Technology of the Nomenclature and 
Standards Committee of the American Society of Echocardiography. J Am Soc 
Echocardiogr, 15(4), 369-373.  
Shakil, O., Mahmood F Fau - Matyal, R., & Matyal, R. (2012). Simulation in 
echocardiography: an ever-expanding frontier. (1532-8422 (Electronic)).  
Sharma, V., Chamos, C., Valencia, O., Meineri, M., & Fletcher, S. N. (2013). 
The impact of internet and simulation-based training on transoesophageal 
echocardiography learning in anaesthetic trainees: a prospective randomised 
study. Anaesthesia, 68(6), 621-627. doi: 10.1111/anae.12261 
Sommer, R. J., Hijazi Zm Fau - Rhodes, J. F., Jr., & Rhodes, J. F., Jr. (2008). 
Pathophysiology of congenital heart disease in the adult: part I: Shunt lesions. 
(1524-4539 (Electronic)).  
Sommer, R. J., Hijazi Zm Fau - Rhodes, J. F., & Rhodes, J. F. (2008). 
Pathophysiology of congenital heart disease in the adult: part III: Complex 
congenital heart disease. (1524-4539 (Electronic)).  
St Vrain, J. A., Skelly, A. C., Waggoner, A. P., Gillam, L. D., Davis, C. L., 
Sisk, E. J., . . . Pearlman, A. S. (1998). Multiskilling and multicredentialing of the 
health professional: role of the cardiac sonographer. Sonographer Council of 
the American Society of Echocardiography. J Am Soc Echocardiogr, 11(11), 1090-
1092.  
Stark, C. M., Graham-Kiefer, M. L., Devine, C. M., Dollahite, J. S., & Olson, 
C. M. (2011). Online course increases nutrition professionals' knowledge, skills, 
and self-efficacy in using an ecological approach to prevent childhood obesity. J 
Nutr Educ Behav, 43(5), 316-322. doi: 10.1016/j.jneb.2011.01.010 
Sun, P.-C., Tsai, R. J., Finger, G., Chen, Y.-Y., & Yeh, D. (2008). What 
drives a successful e-Learning? An empirical investigation of the critical factors 
References  67 
influencing learner satisfaction. Comput. Educ., 50(4), 1183-1202. doi: 
10.1016/j.compedu.2006.11.007 
Tubman, T. R., Shields, M. D., Craig, B. G., Mulholland, H. C., & Nevin, N. 
C. (1991). Congenital heart disease in Down's syndrome: two year prospective 
early screening study. BMJ, 302(6790), 1425-1427.  
Tzeng, G.-H., Chiang, C.-H., & Li, C.-W. (2007). Evaluating intertwined 
effects in e-learning programs: A novel hybrid MCDM model based on factor 
analysis and DEMATEL. Expert Systems with Applications, 32(4), 1028-1044. doi: 
http://dx.doi.org/10.1016/j.eswa.2006.02.004 
van der Linde, D., Konings, E. E., Slager, M. A., Witsenburg, M., Helbing, 
W. A., Takkenberg, J. J., & Roos-Hesselink, J. W. (2011). Birth prevalence of 
congenital heart disease worldwide: a systematic review and meta-analysis. J Am 
Coll Cardiol, 58(21), 2241-2247. doi: 10.1016/j.jacc.2011.08.025 
van der Linde, D., Konings, E. E. M., Slager, M. A., Witsenburg, M., 
Helbing, W. A., Takkenberg, J. J. M., & Roos-Hesselink, J. W. (2011). Birth 
Prevalence of Congenital Heart Disease WorldwideA Systematic Review and 
Meta-Analysis. J Am Coll Cardiol, 58(21), 2241-2247. doi: 
10.1016/j.jacc.2011.08.025 
Waggoner, A. D., & Skelly, A. C. (1999). The profession of cardiac 
sonography and the status of professionalization of cardiac sonographers. J Am 
Soc Echocardiogr, 12(5), 335-342.  
Wagner, R., Razek, V., Grafe, F., Berlage, T., Janousek, J., Daehnert, I., & 
Weidenbach, M. (2013). Effectiveness of simulator-based echocardiography 
training of noncardiologists in congenital heart diseases. Echocardiography, 30(6), 
693-698. doi: 10.1111/echo.12118 
Wang, Y.-S. (2003). Assessment of learner satisfaction with asynchronous 
electronic learning systems. Inf. Manage., 41(1), 75-86. doi: 10.1016/s0378-
7206(03)00028-4 
Weidenbach, M., Drachsler, H., Wild, F., Kreutter, S., Razek, V., Grunst, G., 
. . . Janousek, J. (2007). EchoComTEE - a simulator for transoesophageal 
echocardiography. Anaesthesia, 62(4), 347-353. doi: 10.1111/j.1365-
2044.2007.04978.x 
Weidenbach, M., Wild, F., Scheer, K., Muth, G., Kreutter, S., Grunst, G., . . 
. Schneider, P. (2005). Computer-based training in two-dimensional 
echocardiography using an echocardiography simulator. J Am Soc Echocardiogr, 
18(4), 362-366. doi: 10.1016/j.echo.2004.10.025 
WHO. (2007). Task Shifting to Tackle Health Worker Shortages. In W. H. 
O. H. A. Programme (Ed.). 
68  References 
 
Willett, L. D. (2002). What is a Neonatologist? In A. A. o. Pediatrics (Ed.). 
WINFOCUS. from http://www.winfocus.org/world/echo 
Wong, G., Greenhalgh, T., & Pawson, R. (2010). Internet-based medical 
education: a realist review of what works, for whom and in what circumstances. 
BMC Med Educ, 10, 12. doi: 10.1186/1472-6920-10-12 
Wren, C., Reinhardt Z Fau - Khawaja, K., & Khawaja, K. (2008). Twenty-
year trends in diagnosis of life-threatening neonatal cardiovascular 
malformations. (1468-2052 (Electronic)).  
Wren, C., Richmond S Fau - Donaldson, L., & Donaldson, L. (2000). 
Temporal variability in birth prevalence of cardiovascular malformations. 
(1468-201X (Electronic)). doi: D - NLM: PMC1729354 EDAT- 2000/03/18 
MHDA- 2000/04/25 CRDT- 2000/03/18 00:00 PST - ppublish 
Wutoh, R., Boren, S. A., & Balas, E. A. (2004). eLearning: a review of 
Internet-based continuing medical education. J Contin Educ Health Prof, 24(1), 
20-30. doi: 10.1002/chp.1340240105 
Xiao, L., & Dasgupta, S. (2002). Measurement of user satisfaction with web-
based information systems: An empirical study.  
Zakaria, N. A.-O., Jamal, A., Bisht, S., & Koppel, C. (2013). Embedding a 
learning management system into an undergraduate medical informatics course 
in Saudi Arabia: lessons learned. (1923-2195 (Electronic)). doi: D - NLM: 
PMC4085123 OTO - NOTNLM 
Zhang, D., Zhao, J. L., Zhou, L., & Jay F. Nunamaker, J. (2004). Can e-
learning replace classroom learning? Commun. ACM, 47(5), 75-79. doi: 
10.1145/986213.986216 
Zhang, D., Zhou, L., Briggs, R. O., & Nunamaker Jr, J. F. (2006). 
Instructional video in e-learning: Assessing the impact of interactive video on 
learning effectiveness. Information and Management, 43(1), 15-27.  
 
Appendix  69 
Appendix 
Appendix I: Pre and Post-test 
 
Q1: Onde se situa o ápice do coração? 
a. Linha mamilar, 5º-espaço intercostal esquerdo 
b. Linha axilar anterior, 3º-espaço intercostal esquerdo 
c. Linha axilar média, 6º-espaço intercostal esquerdo 
d. Linha hemiclavicular, 4º-espaço intercostal esquerdo 
 
Q2: Sobre a anatomia do coração, identifique as afirmativas corretas: 
I. O tronco pulmonar origina-se anteriormente do infundíbulo do 
VE. 
II. O apêndice atrial direito (auriculeta) tem base larga e músculos 
pectíneos em seu interior. 
III. O ventrículo esquerdo tem paredes mais finas e é mais trabeculado 
que o esquerdo. 
IV. No VE, a musculatura papilar é relativamente pouco acentuada e os 
dois terços superiores do septo ventricular são lisos. 
a. São verdadeiras a II e a IV 
b. São verdadeiras a I e III 
c. Só a II é verdadeira 
d. Todas são verdadeiras 
 
Q3: Qual das alternativas abaixo contem apenas bypasses fisiológicos 
da circulação fetal? 
a. Forame oval, canal arterial, placenta e ducto venoso 
b. Ducto venoso, CIV, canal arterial e placenta 
c. Forame oval, CIV, placenta e ducto venoso 
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d. CIA ostium primium, canal arterial, CIV de via de entrada e ducto 
venoso 
 
Q4: Sobre as mudanças circulatórios neonatais, identifique as 
afirmativas verdadeiras. 
I. Diminuição do retorno venoso pulmonar. 
II. Aumento da pressão média do átrio esquerdo. 
III. Abertura do forame oval. 
IV. Diminuição da pressão e resistência vascular sistêmica. 
V. Início da circulação “em série” da vida extra-uterina. 
a. São verdadeiras a II e a V 
b. São verdadeiras a I e a III 
c. Todas são verdadeiras 
 
Q5: Para crianças pequenas e recém-nascidos, qual a frequência do 
transdutor utilizada? 
a. 5 - 7,5 MHz 
b. 2,5 - 3,5 MHz 
c. 1,8 - 2,25 MHz 
 
Q6: Qual a maior fonte de atenuação do US? 
a. Ar 
b. Osso 
 
Q7: Quais as patologias a excluir na imagem 4 câmaras? 
a. CIA, CIV, Estenose/atresia de valva atrio-ventricular 
b. CIV, Estenose/insuficiência aórtica, HVE, Cardiopatias de 
sobrecarga 
c. CIA, patologias de valva tricúspide, Estenose/insuficiência/atresia 
pulmonar, PCA 
 
Q8: Qual é a melhor imagem para demonstrar o canal arterial? 
a. VSVD (eixo curto) 
b. VSVE (eixo longo) 
c. 4 câmaras 
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Q9: Qual a melhor técnica para fazer medições? 
a. Modo M 
b. Bidimensional 
 
Q10: Na presença de uma estenose aórtica severa qual a modalidade 
Doppler que escolheria para documentar o gradiente através da valva? 
a. Contínuo 
b. Pulsátil 
c. Colorido 
 
Q11: Sobre a ausculta da comunicação inter-ventricular (CIV), 
indique a afirmativa correta. 
a. Na CIV pequena, geralmente há um frémito sistólico em bordo 
esternal esquerdo baixo (BEEB), bulhas cardíacas sem alterações e 
um sopro holossistólico rude com componente pulmonar normal. 
b. Na CIV moderada observamos frémito sistólico e o sopro 
holossistólico, porém a segunda bulha tem o componente pulmonar 
hiperfonético. 
c. Na CIV grande, não observamos frémito, o precórdio é normal, a 
2ª bulha tem P2 hiperfonética e há pouco ou nenhum sopro. 
 
Q12: Indique as afirmativas corretas: 
I. A atresia tricúspide caracteriza-se por ausência da comunicação 
atrioventricular esquerda. 
II. Principalmente nos portadores de Síndrome de Down, a forma 
total do defeito do septo AV não evolui para hipertensão arterial 
pulmonar precoce. 
III. O defeito do septo atrioventricular também é chamado de defeito 
do coxim endocárdico ou canal atrioventricular.  
IV. A característica principal da atresia tricúspide é a cianose. 
a. São verdadeiras a I e a III 
b. São verdadeiras a II e a IV 
c. São verdadeiras a III e a IV 
d. Todas são verdadeiras 
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Q13: A rubéola congénita é a etiologia da: 
a. Persistência do canal arterial 
b. Estenose aórtica 
c. Tetralogia de Fallot 
d. Transposição das grandes artérias 
 
Q14: Indique as afirmativas corretas: 
I. Na estenose aórtica severa os pulsos estão diminuídos 
universalmente. 
II. A transposição das grandes artérias se caracteriza por quatro 
alterações anatômicas: desvio ântero-superior do septo infundibular, 
uma CIV perimembranosa subaórtica, cavalgamento aórtico e 
hipertrofia ventricular direita. 
III. As complicações no pós-operatório da PCA incluem bloqueio 
incompleto do ramo direito e arritmias cardíacas. 
IV. A estenose pulmonar predomina no sexo masculino, e é mais 
frequente em filhos de mães diabéticas. 
V. O truncus arteriosus caracteriza-se por um tronco arterial comum 
que supre as circulações sistêmica, pulmonar e coronariana. 
a. São verdadeiras a I e a V 
b. São verdadeiras a I, a III e a V 
c. São verdadeiras a I, a II e a V 
d. Todas são verdadeiras 
 
Q15: Sobre a comunicação inter-atrial (CIA) e a coartação da aorta 
(CoAo), indique as afirmativas correctas: 
I. A CIA é a cardiopatia de maior repercussão hemodinâmica na 
infância. 
II. O desdobramento fixo da 2ª bulha acompanhado de sopro sistólico 
ejetivo em BEEA são os principais dados do exame físico na CIA. 
III. A coartação da aorta pode se apresentar de forma crítica no período 
neonatal como uma lesão canal-dependente ou mais tardiamente. 
IV. A presença de hipertensão arterial sistêmica nos membros 
superiores ou assimetria no volume dos pulsos entre membros 
superiores e inferiores alertam para a presença de CIA. 
a. São verdadeiras a II e a III 
b. São verdadeiras a III e a IV 
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c. São verdadeiras a I e a II 
d. Todas são verdadeiras 
 
Q16: Indique as afirmações verdadeiras: 
I. Na drenagem anômala total das veias pulmonares todas as veias 
pulmonares drenam em outros locais que não o átrio esquerdo. 
II. Na DATVP sem obstrução, observamos ICC, cianose e acidose 
desde a primeira semana de vida. Na DATVP com obstrução, a 
ICC geralmente aparece em torno de 2-3 meses de vida com 
dificuldade de amamentação e infeções respiratórias frequentes. 
III. Na origem de artéria coronária esquerda do tronco pulmonar a 
perfusão do ventrículo esquerdo não fica comprometida. 
IV. Algumas crianças com origem de artéria coronária esquerda do 
tronco pulmonar podem desenvolver artérias colaterais e só mais 
tarde apresentarem dispnéia aos esforços, síncope e até mesmo 
morte súbita. 
a. São verdadeiras a I e a IV 
b. Todas são verdadeiras 
c. São verdadeiras a II e a IV 
d. São verdadeiras a I e a III 
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Appendix II: Original satisfaction 
questionnaire 
 
Q1. The e-learning system provides content that exactly fits your needs. 
Q2. The e-learning system provides useful content. 
Q3. The e-learning system provides sufficient content. 
Q4. The e-learning system provides up-to-date content. 
Q5. The e-learning system is easy to use. 
Q6. The e-learning system makes it easy for you to find the content you 
need. 
Q7. The content provided by the e-learning system is easy to understand. 
Q8. The e-learning system is user-friendly. 
Q9. The operation of the e-learning system is stable. 
Q10. The e-learning system responds to your requests fast enough. 
Q11. The e-learning system makes it easy for you to evaluate your learning 
performance. 
Q12. The testing methods provided by the e-learning system are easy to 
understand. 
Q13. The testing methods provided by the e-learning system are fair. 
Q14. The e-learning system provides secure testing environments. 
Q15. The e-learning system provides testing results promptly. 
Q16. The e-learning system enables you to control your learning progress. 
Q17. The e-learning system enables you to learn the content you need. 
Q18. The e-learning system enables you to choose what you want to learn. 
Q19. The e-learning system records your learning progress and 
performance. 
Q20. The e-learning system provides the personalized learning support. 
Q21. The e-learning system makes it easy for you to discuss questions with 
your teachers. 
Q22. The e-learning system makes it easy for you to discuss questions with 
other students. 
Q23. The e-learning system makes it easy for you to share what you learn 
with the learning community. 
Q24. The e-learning system makes it easy for you to access the shared 
content from the learning community. 
Q25. As a whole, you are satisfied with the e-learning system. 
Q26. As a whole, the e-learning system is successful.  
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Appendix III: Final questionnaire 
 
Socio-professional questionnaire  
Q1. Género? 
Q2. Idade? 
Q3. Em que Estado brasileiro você trabalha? 
Q4. Qual é a sua profissão? 
Q5. Quantos anos tem de experiência profissional? 
Q6. Qual é a sua especialidade? 
Q7. Na sua prática clínica, realiza ecocardiograma neonatal? 
Q8. Na sua área profissional, sente necessidade de formação contínua? 
Q9. Gostaria de ter acesso a formação contínua por e-learning (ensino 
electrónico à distância)? 
Q10. Quanto tempo passa na Internet por semana? 
Q11. Já teve teve alguma experiência com e-learning anteriormente? 
Q12. Numa escala de 1 a 7, em que 1 é “nada experiente” e 7 é “muito 
experiente”, como classifica a sua experiência com computador? 
Translated satisfaction questionnaire 
Content quality: 
Q1. O curso de e-learning fornece conteúdos que se adequam exatamente às 
suas necessidades. 
Q2. O curso de e-learning fornece conteúdos úteis. 
Q3. O curso de e-learning fornece conteúdos suficientes. 
Q4. O curso de e-learning fornece conteúdos atualizados. 
 
Learner interface quality: 
Q5. O curso de e-learning é fácil de utilizar. 
Q6. O curso de e-learning permite que aceda facilmente aos conteúdos de 
que necessita. 
Q7. Os conteúdos fornecidos pelo curso de e-learning são de fácil 
compreensão. 
Q8. O curso de e-learning é de fácil utilização. 
Q9. O curso de e-learning apresenta um funcionamento estável. 
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Personalization quality: 
Q10. O curso de e-learning permite-lhe controlar o seu processo de 
aprendizagem. 
Q11. O curso de e-learning permite-lhe aprender os conteúdos de que 
necessita. 
Q12. O curso de e-learning permite-lhe selecionar o que pretende aprender. 
Q13. O curso de e-learning grava o seu progresso e desempenho na 
aprendizagem. 
 
Perceived user satisfaction: 
Q14. No geral, está satisfeito com o curso de e-learning. 
Q15. No geral, o curso de e-learning é bem sucedido. 
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Appendix IV: Course Certificate 
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Appendix V: Comparison of LMS 
 
IL
IA
S 
Fu
tu
re
 
Le
ar
ni
ng
 
B
V
  P P P O P P O O O 
 
Sa
ba
 
Le
ar
ni
ng
 
M
an
ag
em
en
t 
Sy
st
em
 
Sa
ba
 
So
ft
w
ar
e  O P P P P P P P P 
 
D
oc
eb
o 
C
lo
ud
 
E
-le
ar
ni
ng
 
pl
at
fo
rm
 
D
oc
ed
o  P P P P P P O O O 
 
D
ok
eo
s 
O
pe
n 
So
ur
ce
 
D
ok
eo
s  P O O O P O O O O 
 D
O
T
S 
M
ax
 
Le
ar
ni
ng
 a
nd
 
T
al
en
t 
M
an
ag
em
en
t 
So
lu
tio
n 
D
O
T
S 
T
al
en
t 
So
lu
tio
ns
 
 O P P O P O P O O 
 
ef
ro
nt
 
E
pi
gn
os
is
 
 P P O P P P O O O 
 
B
la
ck
b
oa
rd
 
Le
ar
ni
ng
 
Sy
st
em
 Bla
ck
b
oa
rd
  P
 
P
 
P
 
O
 
P
 
P
 
O
 
O
 
O
 
 
M
oo
dl
e 
M
oo
dl
e 
Pt
y 
Lt
d 
ht
tp
:/
/d
ow
nl
oa
d.
m
oo
dl
e.
or
g/
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
 
So
ft
w
ar
e 
na
m
e 
C
om
pa
ny
 
D
ow
nl
oa
d 
Pa
ge
 
O
n 
pr
em
is
e 
/ 
C
lie
nt
 
se
rv
er
 
Sa
aS
 
(s
of
tw
ar
e 
as
 
a 
Se
rv
ic
e)
 
A
IC
C
 
co
m
pl
ia
nt
 
IM
S 
IM
S 
co
m
pl
ia
nt
 
SC
O
R
M
 
co
m
pl
ia
nt
 
A
ny
 
La
rg
e 
M
ed
iu
m
 
Sm
al
l 
D
ep
lo
ym
en
t 
m
od
el
 
A
cc
es
si
bi
lit
y 
co
m
pl
ia
nc
e 
B
us
in
es
s 
si
ze
 
se
rv
ed
 
 
O
ve
rv
ie
w
 
 
  
82  Appendix 
 O O O O O O O O O O O O O O O O O O O O O O O 
 P P P P P P O P P P P P O P O P O P P P P P P 
 
P
 
O
 
O
 
O
 
P
 
P
 
O
 
P
 
O
 
O
 
O
 
O
 
O
 
P
 
O
 
P
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
 O O O O O O O P O O O O O P O O O P P P O O O 
 P P O P P P P P P O P P P P P P P P O P P O P 
 O O O O O O O O O O O O O O O O O O O O O O O 
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
P
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
 P P P P P P O P P P P P P P P P P P P P P P P 
 
A
cc
ou
nt
in
g 
A
dv
er
tis
in
g 
A
gr
ic
ul
tu
re
s 
A
irl
in
e 
A
ut
om
ot
iv
e 
B
an
ki
ng
 
B
ro
ke
ag
e 
B
us
in
es
s 
se
rv
ic
es
 
C
er
tif
ic
at
io
n 
C
he
m
ic
al
 
C
om
m
un
ic
at
io
n
s 
C
om
pu
te
r 
C
on
su
lti
ng
 
E
du
ca
tio
n 
E
le
ct
ro
ni
cs
 
E
ne
rg
y 
E
nt
er
ta
in
m
en
t 
Fi
na
nc
e 
Fr
an
ch
is
es
 
G
ov
er
nm
en
t 
H
ea
lth
 c
ar
e 
In
su
ra
nc
e 
Le
ga
l 
In
du
st
rie
s 
se
rv
ed
 
 
O
ve
rv
ie
w
 
Appendix  83 
 O O O O O O O O O O O O O O _ _ P _ _ 
 P O P  
O
 
O
 
P
 
O
 
P
 
O
 
O
 
P
 
O
 
O
 
P
 
_ _ P
 
_ _ 
 
O
 
O
 
O
 
P
 
O
 
O
 
P
 
O
 
O
 
O
 
O
 
O
 
P
 
O
 
0 _ P
 
$8
9 _ 
 O O O O O O O O O O O  O O _ _ _ 0$ - 
 
P
 
P
 
O
 
P
 
O
 
P
 
P
 
O
 
O
 
P
 
P
 
P
 
O
 
P
 
_ _ _ _ _ 
 O O O O O O O O O O O O O O 0 0 P - - 
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
0 0 P
 
_ _ 
 O P P P P P P P P P P P O O _ _ P 0$ _ 
 M
an
uf
ac
tu
rin
g 
M
ed
ia
 
N
on
 p
ro
fit
 
R
ea
l e
st
at
e 
R
es
ea
rc
h 
R
et
ai
l 
Sa
fe
ty
 a
nd
 
se
cu
rit
y 
Se
rv
ic
e 
So
ci
al
 n
et
w
or
ks
 
So
ft
w
ar
e 
T
ec
ho
lo
gy
 
T
ra
in
in
g 
T
ra
ns
po
rt
at
io
n 
U
til
iti
es
 
M
ax
im
um
 n
um
be
r o
f a
dm
in
is
tr
at
or
s 
M
ax
im
um
 n
um
be
r o
f t
ra
in
ee
s/
 
st
ud
en
ts
 
U
nl
im
ite
d 
 tr
ai
ne
es
/ 
st
ud
en
ts
 
St
ar
tu
p 
pr
ic
e 
A
nn
ua
l h
os
te
d 
fe
e 
In
du
st
rie
s 
se
rv
ed
 
               
O
ve
rv
ie
w
 
    
Sy
st
em
 
st
at
s   
Pr
ic
in
g 
 
84  Appendix 
 _ _ _ _ O P O O O O _ 
 _ _ _ _ O P O O O _ _ 
 
_ _ _ _ O
 
O
 
O
 
O
 
P
  
E
xt
ra
 u
se
rs
 
(u
se
rs
 
ex
ce
ed
in
g 
th
e 
ac
tiv
e 
us
er
s 
pl
an
):$
4.
5 
ea
ch
 
 0$ 0$ _ _ O P O O O _ _ 
 
_ _ _ _ O
 
O
 
O
 
O
 
P
 
_ _ 
 - - - - P P P O P - - 
 
_ _ _ _ P
 
O
 
P
 
O
 
P
 
_ _ 
 _ _ 0$ 0$ O P O O O _ 
 
_ 
 
C
lie
nt
 
se
rv
er
 
pr
ic
e 
(1
 
ye
ar
) 
C
lie
nt
 
se
rv
er
 
pr
ic
e 
(3
 
ye
ar
s)
 
W
eb
 
ho
st
ed
 
pr
ic
e 
(1
 
ye
ar
) 
W
eb
 
ho
st
ed
 
pr
ic
e 
3 
ye
ar
s)
 
C
om
m
er
ci
al
 
O
pe
n 
So
ur
c/
 
Fr
ee
 
Pa
rt
 
fr
ee
/P
ar
t 
Pr
op
rie
ta
ry
 
Pr
op
rie
ta
ry
 
Su
bs
cr
i
pt
io
n 
(S
aa
S)
 
  
    
C
lie
nt
 s
er
ve
r p
ric
e 
   
W
eb
 h
os
te
d 
pr
ic
e 
            
So
ft
w
ar
e 
lic
en
se
 ty
pe
 
Pr
ic
in
g 
Pa
ge
 
 
A
dd
iti
on
al
 P
ric
in
g 
 
                          
Pr
ic
in
g 
     
Appendix  85 
 
       
   
   
_ 
 P
 
P
 
P
  P
 
P
 
P
 
P
 
       _  P P P  P P P P 
 
25
 a
ct
iv
e 
us
er
s 
- 
$8
9/
m
on
th
; 5
0 
ac
tiv
e 
us
er
s 
- 
$1
70
/m
on
th
; 1
00
 
ac
tiv
e 
us
er
s 
- 
$2
90
/m
on
th
; 2
50
 
ac
tiv
e 
us
er
s 
- 
$3
90
/m
on
th
; 5
00
 
ac
tiv
e 
us
er
s 
- 
$4
90
/m
on
th
; 1
00
0 
ac
tiv
e 
us
er
s 
- 
$5
90
/m
on
th
; ;
 
20
00
 a
ct
iv
e 
us
er
s 
- 
$6
90
/m
on
th
 
 P
 
P
 
P
  O
 
P
 
P
 
P
 
       _  _ P O  P P O O 
 
      _  _ P
 
P
  P
 
P
 
O
 
O
 
       -  P P P O P O O 
 
 
     _ 
 P
 
P
 
P
 
 
O
 
O
 
P
 
 
P
 
       _  P P P  P P P  P 
   
A
dm
in
i
st
ra
tiv
e 
re
po
rt
i
ng
 
A
ut
he
n
tic
at
io
n 
C
ou
rs
e 
au
th
or
i
ng
 
D
ef
in
e
d 
us
er
 
ro
le
s 
H
os
te
d 
se
rv
ic
es
 
R
eg
is
t
ra
tio
n 
m
an
a
ge
m
e
nt
 
       
U
se
r P
la
ns
 
 
Fr
ee
 tr
ia
l?
 
         
A
dm
in
is
tr
at
io
n 
fe
at
ur
es
 
          
          
Pr
ic
in
g               
Fe
at
ur
es
 
86  Appendix 
 
 P P O P O P P P P P P P 
 P P O P P P P P P P P P 
 
P
 
O
 
P
 
P
 
P
 
O
 
P
 
O
 
O
 
O
 
P
 
O
 
 O P O O O O O P O O O O 
 
O
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
O
 
O
 
P
 
P
 
 P P P P O P P P P P P P 
 
O
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
O
 
P
 
P
 
 P P P O O P P P P O P P 
 
U
nl
im
i
te
d 
us
er
s 
U
se
r 
ac
es
s 
co
nt
ro
l
s 
Su
pp
or
ts
 
cl
as
sr
o
om
 
B
le
nd
e
d 
le
ar
ni
n
g 
C
ar
ee
r 
tr
ac
ki
n
g 
C
ol
la
b
or
at
io
n 
m
an
ag
em
en
t 
C
ou
rs
e 
ca
ta
lo
g 
C
ou
rs
e
in
te
ra
ct
iv
ity
 
C
ou
rs
e
w
or
k 
gr
ad
in
g 
D
is
pl
ay
 
tr
an
sc
ri
pt
s 
E
le
ar
ni
ng
 
E
xa
m
 
en
gi
n
e 
    
A
dm
in
is
tr
at
io
n 
fe
at
ur
es
 
                     
C
ou
rs
e 
de
ve
lo
pm
en
t f
ea
tu
re
s 
                       
Fe
at
ur
es
 
                          
Appendix  87 
 
 O O P O O P P P P O P 
 P P P P P P P P P P P 
 
O
 
O
 
O
 
O
 
O
 
O
 
P
 
O
 
O
 
O
 
P
 
 P O P O O P O P O O  P 
 
P
 
P
 
P
 
P
 
O
 
P
 
P
 
P
 
O
 
O
  P
 
 O O O P O P P P P P  P 
 
P
 
P
 
O
 
P
 
O
 
P
 
P
 
P
 
O
 
P
 
 
P
 
 O P P O O O P P O O  P 
 
G
oa
l 
se
tt
in
g 
In
di
vi
d
ua
l –
 
ba
se
ad
 
pl
an
s 
M
ul
tim
ed
ia
 
av
ai
la
bl
e P
er
fo
r
m
an
ce
 
as
se
ss
m
en
t 
R
os
te
r 
pr
oc
es
s
in
g 
Se
lf 
pa
ce
d 
Sk
ill
s 
as
se
ss
m
en
t 
Sk
ill
s 
tr
ac
ki
n
g 
St
ud
en
t p
or
ta
l 
St
ud
en
t s
el
f 
se
rv
ic
e 
St
ud
e
nt
 
tr
ac
ki
ng
 
                       
C
ou
rs
e 
de
ve
lo
pm
en
t f
ea
tu
re
s 
                     
                       
Fe
at
ur
es
 
                          
88  Appendix 
 
 P P P O P P P P P P  P 
 P P P P P O P P P P  P 
 
P
 
P
 
P
 
O
 
P
 
O
 
O
 
P
 
O
 
P
  O
 
 O O P O O O O P P P  O 
 
P
 
P
 
P
 
P
 
P
 
O
 
O
 
P
 
P
 
P
  P
 
 P P P O P O P P P P  P 
 
P
 
P
 
P
 
P
 
P
 
O
 
O
 
P
 
P
 
P
  O 
 P P P O P O O P P P  P 
 
T
es
t 
bu
ild
in
g T
es
te
 
sc
or
in
g 
T
es
tin
g 
T
ra
in
in
g 
m
et
ric
s 
V
irt
ua
l 
cl
as
sr
o
om
 
W
ai
t 
lis
tin
g 
B
oo
km
ar
ki
ng
 
G
en
er
a
te
 
re
po
rt
s 
In
st
ru
c
to
r 
sc
he
du
l
in
 
R
ep
or
t 
m
an
ag
em
en
t 
R
es
ou
rc
e 
m
an
a
ge
m
e
nt
 
            
C
ou
rs
e 
de
ve
lo
pm
en
t f
ea
tu
re
s 
                   
Pr
od
uc
iv
ity
 fe
at
ur
es
 
     
                       
Fe
at
ur
es
 
                          
Appendix  89 
 
 P P P P P P P  P P P P 
 P P P P P P P  P P O P 
 
O
 
O
 
O
 
O
 
O
 
P
 
P
  P
 
P
 
O
  P
 
 O O O O P O O  O P P  O 
 
P
 
P
 
P
 
O
 
P
 
O
 
P
  O
 
P
 
P
  O
 
 P O O P O P P  P P P  P 
 
O
 
P
 
P
 
O
 
P
 
O
 
P
 
 O
 
O
 
O
  O 
 P O P P P P P  P O P  P 
 
T
ra
in
in
g w
or
kf
l
ow
 
W
or
k 
of
fli
ne
 
W
or
k 
on
lin
e 
E
xt
er
n
al
 
In
st
ru
c
to
r 
le
d 
O
n-
th
e-
jo
b 
O
nl
in
e 
A
ct
iv
e 
di
re
ct
o
ry
 
in
te
gr
at
io
n 
eC
om
m
er
ce
 
E
m
ai
l 
in
te
gr
at
io
n 
M
ob
il
e 
ac
es
s 
      
Pr
od
uc
iv
ity
 fe
at
ur
es
 
             
T
yp
es
 o
f t
ra
in
in
g 
                     
In
te
gr
at
io
n 
fe
at
ur
es
 
                       
Fe
at
ur
es
 
                          
90  Appendix 
 
 P O O O O O O O O O O O 
 P P P P P P P P O O P O 
 
P
 
P
 
O
 
P
 
O
 
O
 
P
 
P
 
P
 
O
 
O
 
P
 
 O O O O O O O O O O O O 
 
O
 
O
 
P
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
 P P P P O O P P P P P P 
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 O
 
O
 
 P P P P P P P P P O O P 
 
T
hi
rd
 
pa
rt
y 
eL
ea
rn
i
ng
 
co
ur
se
s 
B
lo
gs
 
C
ol
la
b
or
at
io
n 
m
an
ag
em
en
t 
D
is
cu
s
si
on
 
fo
ru
m
 
D
is
co
s
si
un
 
m
an
ag
em
en
t 
eR
oo
m
s Fi
le
 
ex
ch
an
ge
 
In
te
rn
a
l 
m
es
sa
g
in
g 
L
iv
e 
ch
at
 
N
ot
e 
sh
ar
in
g 
W
hi
te
bo
ar
d 
W
ik
is
 
 
In
te
gr
at
io
n 
fe
at
ur
es
 
                    
C
om
m
un
ic
at
io
n 
fe
at
ur
es
 
      
                       
Fe
at
ur
es
 
                          
Appendix  91 
 
 O O O O O O O O O O  O 
 P P P P P P P P O O  P 
 
P
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
P
  P
 
 O O O O O O O O P O  O 
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
O
 
P
  P
 
 P P P P P P P P P O  P 
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
P
 
O
 
P
  P 
 P P P P P P P O O O  O 
 
C
on
te
n
t m
an
ag
em
en
t 
C
us
to
m
 
br
an
di
ng
 
C
us
to
m
 
fie
ld
s 
C
us
to
m
fu
nc
t
io
na
lit
y 
C
us
to
m
 
re
po
rt
i
ng
 
C
us
to
m
 u
se
r 
in
te
rf
ac
e 
D
at
a 
m
an
ag
em
en
t 
M
ul
tip
l
e 
de
liv
er
y 
fo
rm
at
s 
T
em
pl
at
es
 
L
C
M
S 
Le
ga
c
y 
sy
st
e
m
 
in
te
gr
at
io
n 
                       
C
on
te
nt
 fe
at
ur
es
 
                       
                       
Fe
at
ur
es
 
                          
92  Appendix 
 
 O O O O O O O O O O O O O O 
 P O P P P O O O P P P P O O 
 
P
 
P
 
O
 
P
 
O
 
P
 
P
 
O
 
P
 
P
 
P
 
P
 
O
 
O
 
 O O O O P O O O O O O O O O 
 
P
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
 O O O O O O O P P P P P P P 
 
P
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 
O
 O
 
O
 
O
 
O
 
 O O O O O O O P P P P P P P 
 
B
ui
lt-
in
 
lib
ra
rie
s 
IT
 
sk
ill
s 
L
eg
al
 
co
m
pl
i
an
ce
 
O
SH
A
 
O
th
er
 
th
ird
 
pa
rt
y 
lib
ra
rie s PC
 
sk
ill
s 
Sk
ill
 
So
ft
 
co
ur
se
s 
C
hi
ne
s
e 
E
ng
lis
h 
G
er
m
a
n 
Po
rt
u
gu
es
e 
Sp
an
i
sh
 
L
in
ux
 
M
ac
 
O
S 
              
C
ou
rs
e 
lib
ra
rie
s 
av
ai
la
bl
e 
        
La
ng
ua
ge
s 
su
pp
or
te
d 
 
Se
rv
er
 p
la
tf
or
m
 
 
                       
Fe
at
ur
es
 
                      
Sy
st
em
 
re
qu
ire
m
en
ts
 
    
Appendix  93 
 O O  O  O O O  O O O  O   O 
 O O  O  O O O  O O O  O   O 
 
O
 
O
  O  O O O  O O P  O   O 
 O O  O   O O O  O O O  O   O 
 
O
 
O
 
 
O
  O O O  O O O  O   O 
 P P  P  P P P  P P O  O   O 
 
O
 
O
 
 O
 
 O
 
O
 
O
 
 O
 
O
 
P
 
 O
 
  O
  
 P P  P  P P P  P O P  P   P 
 
U
ni
x 
W
in
do
w
s 
ho
m
e 
se
rv
er
  
W
in
do
w
s 
ho
m
e 
se
rv
er
 
20
11
 
W
in
do
w
s 
se
rv
er
 
20
00
 
W
in
do
w
s 
se
rv
er
 
20
03
 
W
in
do
w
s 
se
rv
er
 
20
08
 
W
in
do
w
s 
se
rv
er
 
20
08
 
R
2 
C
en
t 
O
S 
M
ac
 
O
S 
X
 
N
ov
el
 
U
U
S
E
 
LI
N
X
 
R
ed
 
H
at
 
E
nt
er
pr
is
e 
Li
nu
x 
                 
Se
rv
er
 p
la
tf
or
m
 
                      
O
pe
ra
tin
g 
sy
st
em
s 
                       
Sy
st
em
 
re
qu
ire
m
en
ts
 
                          
94  Appendix 
 
 
 O O O  O O O O O O O O O O O O 
 O O O  O O O O O O O P P P P O 
 
O
 
P
 
O
  O P P P O P O O P O P P 
 O O O  O O O P O P O O O O P O 
 
O
 
O
 
O
  O O O O O O O P O O O O 
 O O O  P O O O O O O O O O P O 
 
O
 
P
 
O
 
 O
 
P
 
P
 
P
 
O
 
P
 
O
 P
 
O
 
O
 
O
 
O
 
 P P P  O P P P P P P O O P O P 
 
W
in
do
w
s 
20
00
 
W
in
do
w
s 
7 
W
in
do
w
s 
N
T
 
W
in
do
w
s 
se
rv
er
 
20
03
 
W
in
do
w
s 
vi
st
a 
W
in
do
w
s 
X
P 
A
nd
ro
i
d 
B
la
ck
b
er
ry
 
iO
S 
W
in
do
w
s 
O
S 
24
.7
 
B
lo
g 
B
ro
ch
ur
es
 
E
m
ai
l 
FA
Q
 
     
O
pe
ra
tin
g 
sy
st
em
s 
                          
M
ob
ile
 O
S 
        
Su
pp
or
t f
ea
tu
re
s 
                   
Sy
st
em
 
re
qu
ire
m
en
ts
 
                       
Su
pp
or
t 
      
Appendix  95 
 O O O O O O O O O O  O O 
 O P P P P O O P O P  O  P 
 
P
 
P
 
P
 
O
 
P
 
O
 
P
 
O
 
P
 
O
  P
  P
 
 O O O O O O O P O P  O  P 
 
O
 
O
 
O
 
O
 
O
 
P
 
O
 
P
 
O
 
O
  O
  O
 
 P O P O O O O O P O  P  P 
 
P
 
O
 
O
 
O
 
O
 
O
 
O
 
P
 
O
 
P
  O
  O 
 P O O P O O O O P O  O  P 
 
Fo
ru
m
s H
el
p 
de
sk
 
In
st
ru
c
tio
na
l 
vi
de
os
 
K
no
w
l
ed
ge
 
ba
se
 
M
ai
lin
g 
lis
t 
N
or
na
l 
bu
si
ne
s
s 
ho
ur
s 
O
n-
si
te
 
O
nl
in
e 
se
lf-
se
rv
 
O
w
ne
r
´s
/ 
U
se
r 
m
an
ua
l 
Ph
on
e 
R
ec
or
de
d 
de
m
o
s 
R
em
o
te
 
tr
ai
ni
ng
 
                         
Su
pp
or
t f
ea
tu
re
s 
                          
                         
Su
pp
or
t 
                                    
 
  
96  Appendix 
 O O O O O O  _ 
R
ec
ht
za
ad
 1
5,
 
47
03
 R
C
, 
R
oo
se
nd
aa
l -
N
et
er
la
ns
 
H
ttt
p:
//
w
w
w
.fr
ut
ur
e
le
ar
ni
ng
.n
e
l/
 
ht
tp
:/
/w
w
w
.fu
tu
re
le
a
rn
in
g.
nl
/c
on
ta
ct
.h
tm
l 
 P O O P P O  _ 
24
00
 B
rid
ge
 
Pk
w
y,
 R
ed
w
oo
d 
C
ity
, C
al
ifo
rn
ia
 
94
06
5 
-U
ni
te
d 
St
at
es
 
ht
tp
:/
/w
w
w
.sa
ba
.c
om
/u
s/
 
w
w
w
.sa
ba
.c
om
/c
on
ta
ct
 
 
O
 
O
 
P
 
O
 
O
 
P
 
ht
tp
:/
/w
w
w
.d
oc
eb
 
o.
co
m
/w
pc
on
te
nt
/ 
up
lo
ad
s/
m
ed
ia
/D
o
ce
bo
D
at
as
he
et
.p
df
 
V
ia
 T
ol
ed
o 
15
6,
80
13
4,
 
N
ap
ol
i- 
It
al
y 
ht
tp
:/
/w
w
w
.d
oc
eb
o.
co
m
/ 
ht
tp
:/
/w
w
w
.d
oc
eb
o.
co
m
/e
-
le
ar
ni
ng
-
co
nt
ac
t-
do
ce
bo
/ 
 O O O O O O  
8 
Fa
ne
ui
l 
H
al
l 
m
ar
ck
et
pl
ac
e 
3r
d 
flo
or
, 
B
os
to
n,
 
M
as
sa
ch
us
et
t s
 0
21
09
 - 
U
ni
te
d 
St
at
es
 
ht
tp
:/
/
do
ke
os
.
co
m
/ 
ht
tp
:/
/
do
ke
os
.
co
m
ta
c
t/
co
n 
 
O
 
O
 
O
 
O
 
O
 
O
  _ 
30
3 
A
de
la
id
e 
St
re
et
, 
Su
ite
 4
04
 D
es
m
on
d 
C
ha
m
be
rs
, L
ev
el
 4
, 
B
ris
ba
ne
, Q
ue
en
sl
an
d 
Q
LD
, 4
00
0 
- A
us
tr
al
ia
 
ht
tp
:/
/w
w
w
.d
ot
st
al
en
ts
ol
ut
io
ns
.c
om
/s
ite
/ 
 
ht
tp
:/
/w
w
w
.d
ot
st
al
en
 
ts
ol
ut
io
ns
.c
om
/s
ite
/i
n 
de
x.
ph
p?
op
tio
n=
co
m
 
_c
on
te
nt
&
vi
ew
=
ar
tic
le
&
id
=
50
&
It
em
id
=
58
 
 P P O O O P  _ 
St
ad
io
u 
Sa
nt
ar
oz
a 
1,
 
A
th
en
s, 
A
tti
ki
 1
05
64
 
G
re
ec
e 
 
ht
tp
:/
/w
w
w
.e
fr
on
tle
ar
ni
ng
.n
et
/ 
ht
tp
:/
/w
w
w
.e
fr
on
tle
ar
ni
ng
.n
et
/c
on
t
ac
t 
 
P
 
O
 
O
 
O
 
O
 
O
 
 _ 
65
0 
M
as
sa
ch
us
et
t 
s 
A
ve
ne
u 
N
.W
. 6
th
 
flo
or
 W
as
hi
ng
to
n,
 
D
is
tr
ic
t o
f C
ol
um
bi
a 
20
00
1-
37
96
 –
U
ni
te
d 
St
at
es
 
P:
//
w
w
w
.b
lc
kb
oa
rd
.c
o
m
/ 
ht
tp
:/
/w
w
w
.b
la
ck
bo
ar
d.
co
m
/c
on
ta
ct
-
us
/c
on
ta
ct
-f
or
m
.a
sp
x 
 O P P O O P  _ 
U
ni
t 1
, 2
24
-2
26
 L
or
d 
St
, 
Pe
rt
h 
60
00
, W
es
te
rn
 
A
us
tr
al
ia
 
ht
tp
:/
/m
oo
dl
e.
co
m
/ 
ht
tp
:/
/m
oo
dl
e.
co
m
/c
on
ta
ct
/ 
 
R
eq
ue
s
te
 f
or
m
 
Sy
st
em
 
up
gr
ad
es
 
T
ip
s 
an
d 
hi
ts
 
W
eb
in
ar
s 
W
hi
ta
 
pa
pe
rs
 
W
ik
i 
 _  
 
 
           
 
Su
pp
or
t f
ea
tu
re
s 
  
D
ar
as
he
et
 
   
A
dr
es
s 
W
eb
si
te
 
C
on
ta
ct
 li
nk
 
          
  Su
pp
or
t 
               
C
om
pa
ny
 
co
nt
ac
t 
in
fo
rm
at
i
on
                      
 
Appendix  97 
  
16
57
00
51
1 
 
sa
le
s@
sa
ba
.
co
m
 
16
25
0-
58
1-
25
00
 
 
m
ar
ki
ng
@
so
ce
bo
.c
om
 
 
 
Sa
le
s.u
s
.@
do
k
eo
s.c
o
m
 
1(
61
7(
9
73
-
51
80
 
 info
@
do
ts
ta
le
nt
so
lu
tio
ns
.c
om
 
(1
30
(0
72
-6
70
8 
 
re
qu
es
t@
ef
ro
nt
le
ar
ni
ng
.n
et
 
- 
 
_ 
1(
80
0(
42
4-
92
99
 
 
su
pp
or
t@
m
oo
dl
e.
co
m
 
_ 
 
 
 
 
E
m
ai
l 
Ph
on
e 
  
C
om
pa
ny
 
co
nt
ac
t 
in
fo
rm
at
i
on
 
   
 
